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(57) ABSTRACT 

Targeting metabolic enzymes in human cancer Abstract Lung 
cancer is a devastating disease and a major therapeutic burden 
with poor prognosis. The functional heterogeneity of lung 
cancer (different tumor formation ability in bulk of tumor) is 
highly related with clinical chemoresistance and relapse. 
Here we find that, glycine dehydrogenase (GLDC), one of the 
metabolic enzyme involved in glycine metabolism, is over 
expressed in various Subtypes of human lung cancer and 
possibly several other types of cancers. GLDC was found to 
be highly expressed in tumor-initiating Subpopulation of 
human lung cancer cells compared with non-tumorigenic 
Subpopulation. By array studies we showed that normal lung 
cells express low levels of GLDC compared to xenograft and 
primary tumor. Functional studies showed that RNAi inhibi 
tion of GLDC inhibits significantly the clonal growth of 
tumor-initiating cells in vitro and tumor formation in immu 
nodeficient mice. Overexpression of GLDC in non-tumori 
genic Subpopulation convert the cells to become tumorigenic. 
Furthermore, over-expression of GLDC in NIH/3T3 cells and 
human primary lung fibroblasts can transform these cells, 
displaying anchorage-independent growth in Soft agar and 
tumor-forming in mice. Not only is GLDC is expressed 
human lung cancer, it is also up-regulated in other types of 
cancer, such as colon cancer. RNAi knockdown of GLDC in 
colon cancer cell line, CACO-2 cells, can also inhibit the 
tumor formation in mice. Thus GLDC maybe a new meta 
bolic target for treatment of lung cancer, and other cancers. 

3 Claims, 24 Drawing Sheets 
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TARGETING METABOLICENZYMES IN 
HUMAN CANCER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a national stage filing under 35 U.S.C. 
S371 of international application PCT/SG2011/000400, filed 
Nov. 11, 2011, which claims priority to Singapore Applica 
tion No. 2010.08288-1, filed Nov. 11, 2010, the contents of all 
of which are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to a diagnostic or prognostic 
biomarker or biomarkers for screening or detection of cancer 
particularly lung cancer and compounds to treat the same. 

BACKGROUND ART 

Cancer is one of the main diseases of the 21 century 
causing 13% of all deaths. New aspects of the genetics of 
cancer pathogenesis, such as DNA methylation are increas 
ingly recognized as important. While there are several chemi 
cals that can affect rapidly dividing cancer cells most of these 
are toxic with adverse side effects. Chemo-resistance to many 
of these drugs leads to relapse of patients often exhibiting 
more aggressive cancer progression, with little or no alterna 
tive treatments available. New diagnostics, prognostics and 
treatments are needed. 

Despite numerous advances in our knowledge of cancer, 
our ability to develop clinically effective therapies based on 
this understanding has met with limited Success. Current 
therapies can control tumor growth initially, but most patients 
ultimately relapse. One prominent example is lung cancer, the 
leading cause of cancer-related mortality with over 1 million 
deaths each year. NSCLC accounts for approximately 85% of 
all lung cancers. Although NSCLC patients with EGFR muta 
tions respond to EGFR inhibitors initially, most patients 
experience a relapse within 1 year. These findings underscore 
the urgent need for both combination therapies and also new 
approaches to treat cancerous tumors. Lung cancer is a dev 
astating disease and a major therapeutic burden with poor 
prognosis. The functional heterogeneity of lung cancer is 
highly related with clinical chemo-resistance and relapse. 

Data from leukemias, germ cell tumors and a number of 
Solid tumors Support the notion that cancers are maintained 
by a subpopulation of self-renewing and evolving tumor ini 
tiating cells (TICs). This is also popularly known as the can 
cer stem cell (CSC) model. Although the validity of the CSC 
model is an issue of controversy in melanoma, many other 
solid tumors appear to follow the CSC model. Recently it was 
proposed that at earlier stages of tumorigenesis, rare TIC 
clones differentiate into non-malignant progeny to form the 
bulk of the tumor, while at advanced stages TIC clones con 
stitute the bulk of the tumor. Studies have also begun to 
reconcile the connection between the evolving genotype of 
TIC clones and the Surface phenotype of TICs, using mouse 
models of lung cancer such as those described in WO 2010/ 
126452. Thus accumulated findings suggest that targeting 
TICs may be a promising approach for eradicating tumors 
early. However progress in the targeting of TICs to improve 
cancer therapy has been hindered by a lack of understanding 
of the molecular pathways that are critical to TICs. 

Recent studies have led to an emerging appreciation of the 
importance of metabolic reprogramming in cancer and a 
resurgence of interest in the Warburg effect the phenom 
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2 
enon whereby cancer cells, like embryonic cells, preferen 
tially use glycolysis even under aerobic conditions (Warburg, 
1956. Origin of cancer cells. Science 123,309-314). 

Glycine dehydrogenase (decarboxylating) (GLDC) is an 
enzyme belonging to the family of oxidoreductases, specifi 
cally those acting on the CH-NH2 group of donors with a 
disulfide as acceptor. This enzyme participates in glycine, 
serine and threonine metabolism. It employs pyridoxal phos 
phate as a cofactor. GLDC is one of four proteins that form the 
glycine cleavage system in all eukaryotes which catalyzes the 
degradation of glycine. High levels of glycine in humans or 
glycine build up is known to glycine encephalopathy. 

SUMMARY OF THE INVENTION 

The present invention seeks to ameliorate at least some of 
the difficulties discussed above. This may be useful in treating 
or slowing cancer cells to ameliorate some of the difficulties 
with the current treatment of cancer. The invention further 
seeks to provide in vivo and in vitro methods, for inducing 
apoptosis or prognosing Suitable treatments. 

Accordingly the first aspect of the invention is a method for 
inhibiting cell proliferation comprising the steps of admin 
istering to a cell an inhibitor of GLDC expression. 

Preferably the method further provides the step of adding a 
chemotherapeutic agent to the cell. 
A further aspect of the invention is a compound comprising 

an inhibitor of GLDC expression. 
Preferably the compound further comprises a DNA dam 

aging agent. Preferably the DNA damaging agent is a chemo 
therapeutic agent. 

the present invention provides a method of analyzing a cell 
expression profile for determining whether the cell has been 
isolated from cancerous tissue comprising the steps of (a) 
measuring an amount of glycine dehydrogenase (GLDC) 
nucleic acid or polypeptide in the cell isolated from tissue 
Suspected of being cancerous; Comparing the amount of 
GLDC nucleic acid or polypeptide present in the cell to the 
amount of GLDC nucleic acid or polypeptide in a sample 
isolated from normal, a non-cancerous cell, wherein an 
amplified amount of GLDC nucleic acid or polypeptide in the 
cell relative to the amount of GLDC nucleic acid or polypep 
tide in the non-cancerous cell indicates cancer is present in the 
cell; and wherein the absence of an amplified amount of 
GLDC nucleic acid or polypeptide in the cell relative to the 
amount of GLDC nucleic acid or polypeptide in the non 
cancerous cell indicates there is no cancer present in the cell. 
A further aspect of the invention comprises a method of 

predicting the effectiveness of a GLDC inhibitor comprising 
the step of determining a first expression profile of GLDC 
nucleic acid or polypeptide in a cell isolated from a subject 
who is not diagnosed with cancer, determining a second 
expression profile of GLDC nucleic acid or polypeptide in a 
cell isolated from a subject who is diagnosed with cancer and 
comparing the first and second expression profile whereby 
when the second expression profile is 1.5 to 16 fold more than 
the first expression profile or preferably 2 to 10 fold more than 
the first expression profile the subject who is diagnosed with 
cancer will benefit from treatment with the GLDC inhibitor. 
A further aspect of the invention comprises a method for 

screening for an antagonist of GLDC polynucleotide expres 
sion comprising the steps of: (a) contacting a cell that is over 
expressing GLDC polypeptide with a sample compound; (b) 
measuring the GLDC expression profile in both the presence 
and absence of the sample compound; and, Wherein a 
decrease in GLDC polypeptide expression in the presence of 
the sample compound in relation to the GLDC polypeptide 
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expression in the absence of the sample compound indicates 
the sample compound is the antagonist. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 GLDC transform NIH/3T3 cells. 
(A) Quantitative RT-PCR analysis of GLDC in 3T3 cells 

overexpressing GLDC. 
(B) Softagar colony formation of 3T3 cells overexpressing 

GLDC or Lin28B. 5,000 live cells were seeded into soft agar 
and stained with INT on day 28. 

(C) Ouantitative analysis of colonies in Soft agar. Results 
are plotted as average colony number per dishits.e.m., n-2. 
Independent-samples T test is applied for statistics analysis. 
** P&O.O1. 

(D) Tumor formation in mice transplanted with 3T3 cells 
overexpressing GLDC. 

(E) Statistic analysis of tumor formation efficiency in mice 
transplanted by 3T3 cells overexpressing GLDC. 

(F) H&E staining of Xenograft tumor in mice transplanted 
by 3T3 cells overexpressing GLDC. 

(G) Immunohistochemistry staining of Xenograft tumor 
formed from 3T3 cells overexpressing GLDC, GD, GLDC; 
XG, Xenograft. 

FIG. 2 GLDC expression in human primary cancer 
samples and cancer cell lines. 

(A) Human cancer samples expressing GLDC, as deter 
mined by microarray analysis across 2591 of cancer Samples 
and 889 of normal samples. Signal intensity was normalized 
to signal in tissue-paired normal samples. (B) Human cancer 
cell lines expressing GLDC, as determined by microarray 
analysis over 606 various types of cancer cell lines, among 
which 158 (26.1%) of cancer cell lines show high GLDC 
expression (intensity >300, above the red line). 

FIG. 3 GLDC expression in lung adenocarcinoma and 
paired normal lung tissues by immunohistochemistry stain 
1ng. 

Strong expression of GLDC in adenocarcinoma (1) versus 
low/negative expression in normal lung tissues of bronchioles 
(2) and alveoli (3) are shown, respectively. 

FIG. 4 GLDC expression in other types of lung cancer by 
immunohistochemistry staining. 

Strong expression of GLDC in (1) lung Squamous cell 
carcinoma, (2) lung large cell carcinoma, (3) Small cell lung 
carcinoma and (4) atypical carcinoma are shown. 

FIG. 5 Screen GLDC expression in various cancers in 
tissue microarray. 

Expression of GLDC in various human cancers versus 
normal tissues. 

Immunohistochemistry staining was applied. 
FIG. 6 GLDC is a poor prognosis indicator in human 

NSCLC. 
(A) GLDC expression level is related with poor survival of 

lung cancer patients. The average Survival time is 122-16 
months and 46t12 months in low and high expression of 
GLDC, respectively (n=21). (B) GLDC is an indicator of 
metastatic lung cancer. GLDC is strongly positive in lymph 
node from human metastatic lung adenocarcinoma. (C) 
GLDC expression level in NSCLC from patients varies at 
different grades (GSE7880, published microarray dataset). 
The average fold change of tumor/normal in grade 1 & 2 is 
1.51 and the average fold change of grade 3 & 4 versus grade 
1 & 2 is 1.22, respectively. P-0.05, grade 3 & 4 versus grade 
1 & 2. 
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4 
FIG.7 Knockdown GLDC inhibit the malignant growth of 

tumorigenic ALCAM sphere cells. 
(A) Relative expression of GLDC assayed by qRT-PCR in 

tumor sphere cells (S32) transfected with GLDC shRNA and 
selected on puromycin. 

(B) Colony formation of tumor sphere cells (S32) in soft 
agar for 30 days by seeding of 1,000 cells per well transfected 
with GLDC shRNA and selected on puromycin. 

(C) Tumor formation of tumor sphere cells (S32) in mice 
injecting of 100,000 cells per injection transfected with 
GLDC shRNA and selected on puromycin. 

(D) Quantitative mass analysis of xenograft tumor by FIG. 
3C. **, P-0.01. 

FIG. 8. CD166" fraction contains tumor initiating cells 
from NSCLC patients 

(A) Frequency of tumor-initiating cells (TICs) in unsorted, 
CD166" and CD166 subpopulations of cells from 36 
NSCLC patients. CI, confidence interval. Lin cells, CD45 
CD31T cells. 

(B) Tumor initiation frequency by various FACS-purified 
fractions of Lin lung cancer cells isolated from primary 
xenograft tumors shown in (A). 5x10 CD166*, CD44*, 
CD133, and EpCAM cells were tested for tumor initiation 
in NOD/SCID I12ry mice (n=12). 

(C) Histological analysis of patient tumors and primary 
xenografts derived from patient tumor CD166"Lin lung can 
cer cells. Tumors were stained for H&E, CD166 and pan-CK 
(cytokeratin). Scale bar, 50 lum. 

(D) Representative tumor-growth curves of Xenografts 
derived from different cell fractions in a lung adenocarci 
noma (AdC) patient tumor and the primary xenograft. 

(E) Phase-contrast images of tumor spheres seeded with 
CD166"Lin (top) and CD166 Lin (bottom) cells in lung 
adenocarcinoma (AdC), squamous cell carcinoma (SCC) and 
large cell carcinoma (LCC). Scale bar, 50 um. 

(F) Quantification of tumor spheres formed by cells from 
NSCLC patient (AdC, SCC or LCC) CD166"Lin, CD166 
Lin and Lin populations. 

(G) Frequency of tumorigenesis by single patient-derived 
tumor sphere cells (n=3). N.D., not determined. 

In all panels, error bars represent SEM. 
FIG. 9. Lung TICs express high levels of GLDC and 

LIN28B 
(A) Venn diagram showing strategy for enriching tumori 

genic-gene expression profile by genome-wide transcriptome 
analysis. A list of the differentially-expressed genes (cutoff 
threshold of 1.5-fold, P-0.05) common between P+ vs. P-, 
X+ vs. X- and S vs. X- was derived, with the differentially 
expressed genes of N+ vs. N- excluded. The gene list was 
further filtered to select only genes further upregulated or 
downregulated in S vs. X--. N, normal lung tissue (n-3); P. 
patient tumor (n=1); S, tumor sphere (n=4); X, Xenograft 
tumor (n=3); +, CD166"; -, CD166. Total n=11. 

(B) Graphs of relative expression of candidate lung TIC 
associated genes in increasing (left, in 194) or decreasing 
(right, n=295) trends across different CD166 fraction cells 
from normal lung tissue (N), primary tumor (P), Xenograft 
tumor (X) and tumor spheres (S) versus non-tumorigenic 
CD166 (X-) cells. 

(C) Top ranked genes differentially expressed in lung TICs. 
(D) Enrichment of KEGG pathways by genes differentially 
expressed in lung TICs. * P-0.05, ** P-0.01, *** P-0.001, 
**** P&O.OOO1. 

(E) Schematic diagram of glycine, serine and threonine 
metabolism genes significantly (P<0.05) upregulated in lung 
TICS. , upregulation. 
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FIG. 10. GLDC and LIN28B are necessary and sufficient 
for malignant growth 

(A) Proliferation curve of tumor sphere (TS) cells with 
shRNA knockdown of either GLDC (GD-sh) or LIN28B 
(28B-sh). 

(B) Quantitative mass analysis of Xenograft tumors formed 
30 days after transplanting 100,000 tumor sphere cells with 
either GLDC knockdown (GD-sh) or LIN28B knockdown 
(28B-sh). 

(C) Western blot analysis of endogenous GLDC during the 
cell-cycle in Synchronized normal human lung fibroblasts 
(HLF) and transformed A549 cells. HLF or A549 cells were 
serum-starved for 72 hours followed by release into serum 
containing medium with samples collected at indicated time 
points. Expression of GLDC, FOS (early serum response) 
and CDK1 (E2F target) were tested. Normal growing, unsyn 
chronized cells (Cyc) were used as a control. HSP90 was used 
as a loading control. CDK1, cyclin dependent kinase 1: 
HSP90, heat shock protein 90. 

(D) Expression of endogenous GLDC in MCF 10A cells 
transformed by oncogenic KRAS'. PIK3CA, MYC 
or MYC's?, by qRT-PCR. 

(E) Colony formation assay in adherent conditions by 
seeding 500 3T3 cells overexpressing either GLDC (3T3 
GD) or LIN28B (3T3-28B). 

(F) Quantitative analysis of colony formation efficiency 
under adherent conditions as shown in (E). 

(G) Quantitative analysis of soft agar colony formation by 
5000 3T3 cells overexpressing either GLDC (3T3-GD) or 
LIN28B (3T3-28B). Colonies were stained with INT on day 
28. 

(H) Proliferation curve of HLF cells overexpressing GLDC 
(HLF-GD), LIN28B (HLF-28B) or the empty vector (HLF). 

(I) Colony formation assay in adherent conditions seeding 
1000 HLF cells overexpressing GLDC (HLF-GD), LIN28B 
(HLF-28B) or the empty vector (HLF). 

(J) Quantitative analysis of colony formation efficiency 
under adherent conditions as shown in (I). 

(K) Quantitative analysis of soft agar colony formation by 
5000 HLF cells overexpressing either GLDC (HLF-GD), 
LIN28B (HLF-28B) or the empty vector (HLF). 

(L)Tumor formation by CD166 lung tumor cells 3 months 
after overexpression of GLDC. CD166 tumor cells from 
xenografts were sorted by FACS and infected with retrovirus 
expressing either the empty vector (CD166) or GLDC 
(CD166 GD), followed by transplantation into mice 24h 
after infection (n=12 for each group). 

In all panels, error bars represent SEM. *P<0.05, ** 
P<0.01. 

FIG. 11. GLDC promotes tumorigenesis through its meta 
bolic activity 

(A) Crystal structure of T. thermophilus GLDC near the 
catalytic active site. The labeled bacterial residues H703,3, 
K704B (purple), P729B and G731 B are homologous to 
H753, K754, P769 and G711 of human GLDC. Residues 
implicated in human non-ketotic hyperglycinemia are shown 
(red). PLP pyridoxal-5'-phosphate cofactor (green). 

(B) GLDC protein expression and tumor formation effi 
ciency of 3T3 cells overexpressing wild-type or mutant 
GLDC. Four point mutations were tested: H753P. K754A, 
P769L and G771R. Incidence of tumor formation was deter 
mined 2 months after injection with 1.5x10 cells per mouse 
(n=8). A549 cells served as a positive control. WT, wild-type. 

(C) Gene expression in 3T3 cells overexpressing GLDC, 
PSPH, PSAT1, GCAT, SHMT1 and SHMT2, relative to 3T3 
cells with the empty vector, as determined by qRT-PCR. 
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(D) Tumor formation efficiency of 3T3 cells overexpress 

ing GLDC, PSPH, PSAT1, GCAT, SHMT1, SHMT2 or the 
empty vector. Incidence of tumor formation was determined 
2 months after injection with 1.5x10° cells per mouse (n-6). 

(E) GLDC protein expression of 3T3 cells overexpressing 
GLDC, PSPH, PSAT1, GCAT, SHMT1 and SHMT2. A549 
cells served as a positive control. 3-actin was used as a load 
ing control. 

FIG. 12. Metabolomics of cells upon GLDC overexpres 
sion and knockdown 

(A-D) Relative fold change in levels of (A) glycine-related 
metabolites, (B) glycolysis intermediates, and (D) pyrim 
idines in 3T3 cells with GLDC overexpression (3T3-GD/ 
Ctrl), HLF cells with GLDC overexpression (HLF-GD/Ctrl) 
and A549 cells with GLDC knockdown (A549-GD-sh/Ctrl), 
as determined by LC-MS metabolomics. (C) Lactate produc 
tion by 3T3 cells with GLDC overexpression or A549 cells 
with GLDC knockdown. 

(E) Effects of the anti-folate drug methotrexate on colony 
formation after GLDC overexpression or knockdown. 3T3 
and HLF cells overexpressing GLDC were plated at clonal 
density and exposed to varying concentrations of methotrex 
ate for 8 days. A549 cells with GLDC knockdown were plated 
in Soft agar at clonal density and exposed to varying concen 
trations of methotrexate for 14 days. 

(F) Effects of sarcosine on soft agar colony formation after 
GLDC knockdown in A549 cells. 1000 cells were seeded in 
Softagarat clonal density and exposed to 10 LM sarcosine for 
14 days. 

(G) Model of metabolic flux changes induced by GLDC. 
In all panels, error bars represent SEM. 
FIG. 13. GLDC is a prognostic indicator for mortality in 

NSCLC patients 
(A) GLDC immunohistochemistry staining in a NSCLC 

tumor microarray (n=143). Representative images shown for 
human primary lung adenocarcinomas (AdC) immun 
ostained with GLDC. Staining intensity grade is indicated in 
the upper right corner. The boxed region in the upper images 
is shown at higher magnification in the lower image. Scale 
bar, 100 um. 

(B) Subdistribution hazard ratios for each GLDC staining 
intensity grade, adjusted for American Joint Committee on 
Cancer (AJCC) staging. CI, confidence interval. 

(C) Cumulative incidence of lung cancer mortality 
adjusted for AJCC staging, for patients with each GLDC 
staining intensity grade. 

(D) Co-immunofluorescence staining of CD166 (red) and 
GLDC (green) on primary lung cancer patient tumors, coun 
terstained with DAPI (blue). Representative cases with co 
expression of high levels of CD166 and high levels of GLDC 
(left panel), and low levels of CD166 and low level of GLDC 
(right panel) are shown. Higher magnification inset is shown 
in bottom left corner. Scale bar, 50 lum. 

FIG. 14. GLDC is aberrantly expressed in other cancers. 
(A) Log-transformed fold changes in GLDC expression 

of patient tumors vs. normal adjacent tissues across different 
cancers. Data is normalized and aggregated from 51 GEO 
data sets containing 84 sets of tumor expression data (tumor 
vs. normal) with 2020 tumor samples and 671 normal 
samples. Fold change cutoff was set at 1.5 by yellow line. 

(B) Normalized GLDC expression across various cancer 
cell lines (n=606). Yellow line indicates the mean value (250) 
of GLDC expression intensities between patient lung tumors 
and normal lung tissues. 

(C) qRT-PCR for GLDC and LIN28B in CACO2 colon 
cancer cells expressing shRNA against GLDC (GD-sh) or 
LIN28B (28B-sh). 
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(D) Proliferation curve of CACO2 cells expressing shRNA 
against GLDC (GD-sh) or LIN28B gene (28B-sh) described 
in (C). Cell numbers were measured on day 2, 4 and 6. 

(E) Tumor formation in mice upon injecting 2.5x10' 
CACO2 colon cancer cells with GLDC knockdown (CACO2 
GD-sh) or LIN28B knockdown (CACO2-28B-sh). Mice 
were assessed by week 13 (n-6). 

In all panels, error bars represent SEM. 
FIG. 15. Characterization of lung tumor initiating cells 

from NSCLC patients, (A) CD166 profile of tumor cells from 
3 representative NSCLC patients by FACS. See also Table 3. 

(B) FACS analysis of carcinoembryonic antigen in 
CD166" and CD166 lung tumor cells (n=4). 

(C) Tumor formation by CD166" vs. CD166 cells in squa 
mous cell carcinoma (SCC; n=4) and large cell carcinoma 
(LCC: n=2). 

(D) Frequency of CD166" cells in lung tumors (T, n=24) 
VS. adjacent normal lung tissues (N. n=13). Box plots show 
75" and 25" percentiles (ends of boxes), and the median 
frequency (band within box) of CD166" cells. 

(E) Frequency of CD166" cells (2.6% to 29%) from FACS 
analysis of 3 primary tumors. 

(F) Secondary tumor initiation from primary Xenograft 
tumor cells (n=4 patients). 

(G) H&E staining of primary tumors and CD166'-derived 
xenografts. Scale bar, 100 um. 

(H) Expression of E-cadherin, Smooth muscle actin, Syn 
aptophysin and Vimentin by immunohistochemistry in 
tumors and CD166'-derived tumors. Scale bar, 50 lum. 

(I) Tumor growth curves of xenografts derived from differ 
ent cell fractions of a LCC tumor and the primary xenograft 
(n-3). 

(J) NSCLC derived lung tumor spheres. Single tumor cells 
formed spheres in 14-16 days that can be serially passaged. 
Scale bar, 50 lum. 

(K) Staining of tumor spheres for CD166 (red) and 
Hoechst (blue). Scale bar, 50 lum. 

(L) FACS plot for CD166 and CD133 expression in pri 
mary tumor and tumor spheres. 

(M) H&E staining of Xenograft tumor from adenocarci 
noma-derived tumor sphere cells. Scale bar, 50 um. 

(N) CD166 expression by qRT-PCR in tumor spheres with 
and without CD166 shRNA knockdown (n=3). 

(O) Tumor formation by tumor spheres with and without 
CD166 knockdown evaluated after 60 days (n=3). 

(P) Day 28 soft agar colony formation by 5000 tumor 
spheres with and without CD166 knockdown. Scale bar, 300 
lm. 
(Q) Counting of soft agar colonies shown in (P) (n=3). 
In all panels, error bars represent SEM. 
FIG. 16. Gene expression signature of lung TICs, 
(A) Validation oftop candidate genes associated with lung 

TICs by qRT-PCR, normalized to GAPDH. 
(B) GLDC mRNA expression in tumor spheres, tumor 

CD166", tumor CD166, normal CD166" and normal 
CD166 cells by microarray analysis (total n=11). 

(C) GLDC protein expression in tumor sphere, tumor 
CD166", and tumor CD166 cells from 3 different patients, 
by Western blot. Normal SAEC cells served as negative con 
trols, A549 cells served as positive controls, and B-actin 
served as a loading control. GLDC signal for each sample was 
quantified by Image.J and normalized to the B-actin signal, 
relative to SAEC cells. SAEC, small airway epithelial cells. 

(D) KEGG pathway of glycine, serine and threonine 
metabolism. Metabolic genes upregulated in lung TICs are 
indicated. 
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FIG. 17. GLDC overexpression and knockdown in vitro, 
(A-C) Gene expression of GLDC and LIN28B (A), soft 

agar colony formation by seeding 1000 cells (B) and tumor 
formation in mice upon injecting 1x10 cells (C) from human 
lung tumor spheres with and without shRNA against GLDC 
(GD-sh1/2) or LIN28B (28B-sh1/2). 

(D-G) Gene expression of GLDC and LIN28B (D), adher 
ent colony formation by seeding 100 cells (E), tumor forma 
tion in mice upon injecting 1x10" cells (F) and quantitative 
mass analysis of xenograft tumors (G) from A549 cells with 
and without shRNA against GLDC (GD-sh1/2) or LIN28B 
(28B-sh1/2). 

(H-L) Gene expression of GLDC and LIN28B (H), soft 
agar colony formation by seeding 5000 cells (I), tumor for 
mation in mice upon injecting 1.5x10 cells (n-6) (J), tumor 
formation efficiency in mice (n-6) (K) and histological analy 
sis of xenograft tumors stained for H&E, GLDC and LIN28B 
from NIH/3T3 overexpressing GLDC (3T3-GD), LIN28B 
(3T3-28B) or the empty vector (3T3) (L). Scale bar, 300 um 
(I), 20 um for inset and 100 um in full images (L). 
(MandN) Gene expression of GLDC and LIN28B (M) and 

tumor formation efficiency in mice transplanted with 2x10 
cells, assessed up to 6 months post-injection (n=8) (N) in 
normal human lung fibroblasts (HLF) overexpressing GLDC 
(HLF-GD), LIN28B (HLF-28B) or the empty vector (HLF). 

(O-R) GLDC gene expression (O), quantitative analysis of 
adherent colony formation by seeding 1000 cells (P) and soft 
agar colony formation by seeding 5000 cells (n=3)(Q), tumor 
formation efficiency in mice transplanted with 1x10, 
assessed 2 months post-injection (n-6) (R) by normal human 
bronchial epithelial cells (NHBE) overexpressing GLDC or 
the empty vector. 

In all panels, error bars represent SEM. *P<0.05, 
**P&O.O1. 

FIG. 18 Sequence alignment and active site residues of 
GLDC 

(A) Amino acid sequence alignment of T thermophilus 
(SEQ ID NO: 69) and human GLDC. (SEQID NO: 2), start 
of the B chain of T. thermophilus GLDC. Black, conserved 
residues. Grey, residues with similar chemical properties. 
Red, active site residues of human GLDC mutated by site 
directed mutagenesis to generate H753P. K754A, P769L and 
G771R mutants. 

(B) Active site residues of T. thermophilus GLDC (blue) 
and the pyridoxal-5'-phosphate cofactor (PLP. green). 

FIG. 19 Metabolic changes after GLDC overexpression 
and knockdown 

(A) Relative fold change in levels of amino acids in 3T3 
cells with GLDC overexpression (3T3-GD/Ctrl), HLF cells 
with GLDC overexpression (HLF-GD/Ctrl) and A549 cells 
with GLDC knockdown (A549-GD-sh/Ctrl), as determined 
by LC-MS metabolomics. 

(B and C) Time course of H-glycine uptake in 3T3 cells 
overexpressing GLDC (B) or A549 cells with GLDC knock 
down (C), incubated at 37° C. with H-glycine (2.22x10 
cpm in 2 ml of media). No significant changes in Hi-glycine 
uptake were observed with either GLDC overexpression (B) 
or knockdown (C). 

In all panels, error bars represent SEM. 
FIG. 20. CD166 and LIN28B expression do not predict 

mortality in NSCLC patients 
(A) CD166 and LIN28B immunohistochemistry staining 

in NSCLC (n=143). Both AdC and SCC showed graded stain 
ing intensity (0, 1+, 2+ and 3+) in a membranous and/or 
cytoplasmic staining pattern. Staining intensity is indicated in 
upper right corner. Scale bar, 100 um. 
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(B) Subdistribution hazard ratio (SHR) for different 
CD166 membrane, CD166 cytoplasm and LIN28B staining 
intensity grades, adjusted for AJCC staging. CI, confidence 
interval. 

(C) Cumulative incidence of lung cancer mortality 
adjusted for AJCC staging, according to CD166 membrane, 
CD166 cytoplasm or LIN28B expression intensity. 

(D) Co-immunofluorescence staining of CD166 (red) and 
GLDC (green) on normal primary Small bronchial airways, 
counterstained with DAPI (blue). A representative case with 
co-expression of CD166 and GLDC is shown. Higher mag 
nification inset is shown in bottom left corner. Scale bar, 50 
lm. 
(E) LIN28B protein expression in tumor sphere, xenograft 

CD166", and xenograft CD166 cells from 3 different patient 
samples, by Western blot. SAEC and H1 cells served as 
negative and positive controls respectively. SAEC, Small air 
way epithelial cells. H1, human embryonic stem cells. 

FIG. 21. GLDC expression in normal tissues 
(A) Expression of GLDC in HLF cells expressing two 

shRNA against GLDC (GD-sh1/2), as determined by qRT 
PCR. 

(B) Proliferation curve of HLFs with GLDC knockdown. 
(C) Phase contrast images of HLFs with GLDC knock 

down. Scale bar, 100 um. 
(D) GLDC expression across normal adult human tissues 

and cells by microarray analysis. Transformed CACO2 and 
A549 cells served as positive controls. 

In all panels, error bars represent SEM. 
FIG. 22. GLDC protein concentration immunoassay 
(A) There is a linear relationship between GLDC protein 

concentration and Luminescence signals, Sensitivity: 
0.156-10 ng/mL GLDC protein level, Fast: 5 hours (B) 
GLDC quantification in serum from NSCLC patients (C) 
Tumor suppression cellular assay CellTiter-Glo R. Lumines 
cent Cell Viability Assay based on the Luciferase reaction 
principle (D) Linear relationship standard curve (ATP vs. 
RLU) (E) Linear relationship (tumor sphere cells vs. RLU) 
(F) Assay of chemotherapeutic drugs (Carboplatin top pan 
nel) and chemical inhibitors (Polyketide lower pannel). 

DETAILED DESCRIPTION 

The present technology relates to metabolic enzymes as 
targets in cancers, whereby GLDC is the metabolic enzyme 
and the Subject cancer is any cancer cell exhibiting elevated 
levels of GLDC expression above expression of GLDC in 
cells isolated from normal non-cancerous tissue. GLDC is a 
target for cancer treatment and GLDC expression levels cor 
relate with tumorigenicity. The present technology can be 
used to distinguish cancer cells from normal cells and inhi 
bition of GLDC can be used as a cancer therapy. 

Here we find that, glycine dehydrogenase (GLDC), one of 
the metabolic enzyme involved in glycine metabolism, is 
overexpressed in various Subtypes of human lung cancer, 
colon cancer and possibly several other types of cancers. 
GLDC was found to be highly expressed in tumor-initiating 
Subpopulation of human lung cancer cells compared with 
non-tumorigenic Subpopulation. By array studies we showed 
that normal lung cells express low levels of GLDC compared 
to Xenograft and primary tumor. Functional studies showed 
that RNAi inhibition of GLDC inhibits significantly the 
clonal growth of tumor-initiating cells in vitro and tumor 
formation in immunodeficient mice. Overexpression of 
GLDC in non-tumorigenic Subpopulation convert the cells to 
become tumorigenic. Furthermore, overexpression of GLDC 
in NIH/3T3 cells and human primary lung fibroblasts can 
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transform these cells, displaying anchorage-independent 
growth in Soft agar and tumor-forming in mice. Not only is 
GLDC is expressed human lung cancer, it is also up-regulated 
in other types of cancer, such as colon cancer. RNAi knock 
down of GLDC in colon cancer cell line, CACO-2 cells, can 
also inhibit the tumor formation in mice. Thus GLDC maybe 
a new metabolic target for treatment of lung cancer, and other 
CaCCS. 

Metabolic enzyme, glycine dehydrogenase (GLDC) is dis 
tinguished in tumorigenic human lung cancer cells versus 
non-tumorigenic human lung cancer cells and normal lung 
cells by large scale gene expression profile analysis and tissue 
microarray analysis. 
GLDC is also up-regulated in a lot of cancer, including 

lung cancer and colon cancer. This is the first time GLDC is 
recognised to be overexpressed in tumor initiating cells. High 
levels of GLDC expression in a cell demonstrate a significant 
correlation with tumorigenicity and increased cell prolifera 
tion. 

Down-regulation of GLDC expression in tumorigenic 
human lung cancer cells inhibited tumor growth in colony 
forming assay and in mice. This is the first time that inhibition 
of GLDC enzyme is shown to treat cancer Such as lung cancer. 
Inhibition of GLDC by Knockdown of GLDC levels in a 
cancer cell reduced tumour formation and cell proliferation. 
This is an alternative method of cancer treatment targeting a 
metabolic enzyme. 

Up-regulate GLDC expression in NIH/3T3 cells and lung 
fibroblasts can transform cells displaying colony formation in 
vitro and tumor formation in mice. This is the first time that 
GLDC has been shown to be functional in tumor initiation 
and expansion. Overexpression of GLDC expression levels 
elevated tumorigenesis and pell proliferation both invitro and 
in vivo. 

Here we show that the metabolic enzyme glycine decar 
boxylase (GLDC) is critical for tumor initiating cell (TIC) 
state in non-small cell lung cancer (NSCLC). TICs from 
primary NSCLC tumors express high levels of the oncogenic 
stem cell factor LIN28B and GLDC, which were both 
required for TIC growth and tumorigenesis. Overexpression 
of GLDC and other glycine/serine enzymes, but not catalyti 
cally inactive GLDC, promotes cellular transformation and 
tumorigenesis. We found that GLDC induces dramatic 
changes in glycolysis and glycine/serine metabolism, leading 
to changes in pyrimidine metabolism to regulate cancer cell 
proliferation. In the clinic, aberrant activation of GLDC cor 
relates with poorer Survival in lung cancer patients, and aber 
rant GLDC expression is observed in multiple cancer types. 
This link between glycine metabolism and tumorigenesis 
may provide novel targets for anti-cancer therapy. 
NSCLC tumor initiating cells express high levels of 

GLDC. 
GLDC is a metabolic oncogene that promotes cellular 

transformation. 
GLDC activity regulates pyrimidine metabolism in cancer 

cells. 
Mortality in NSCLC patients is predicted by GLDC 

expression. 
The present invention is not limited to a particular mecha 

nism. Indeed, an understanding of the mechanism is not nec 
essary to practice the present invention. Nonetheless, it is 
contemplated that an inhibitor against GLDC finds use in the 
treatment of cancer, which almost universally cancer cells 
overexpresses GLDC. Furthermore, aggressive localized 
tumors expressing high levels of GLDC are also therapeuti 
cally targeted by GLDC inhibitors. Without being limited to 
any theory we think tumor cells are addicted to high level of 
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the enzyme GLDC and inhibition of GLDC in cancer cells 
may not be tolerated effectively blocking, stopping or slow 
ing cell proliferation whereas normal cells may still Survive. 
The present technology relates to a method of treating 

cancer by inhibiting GLDC expression in cells. The GLDC 
gene sequence described herein, including that set out in SEQ 
ID No. 1, includes functional derivatives, homologues and 
variants that express a functional GLDC protein as set out in 
SEQID No 2. We have found that inhibition of GLDC expres 
Sion, results in the reduction of tumours and cell proliferation. 
There is provided method of inducing apoptosis of a cell 
comprising the steps of treating the cell with an inhibitor of 
GLDC expression. Preferably the method further provides 
the step of adding a chemotherapeutic agent to the cell. 
Polynucleotides 
An isolated GLDC nucleic acid molecule is disclosed 

which molecule typically encodes a GLDC polypeptide, 
allelic variant, or analog, including fragments, thereof. Spe 
cifically provided are DNA molecules selected from the 
group consisting of: (a) DNA molecules set out in SEQ ID 
NO: 1 or fragments thereof; (b) DNA molecules that hybrid 
ize to the DNA molecules defined in (a) or hybridisable frag 
ments thereof; and (c) DNA molecules that code an expres 
sion for the amino acid sequence encoded by SEQID NOS: 1 
or fragments thereof. 

Preferred DNA molecules according to the invention 
include DNA molecules comprising the sequence set out in 
SEQ ID NO: 1. or fragments thereof. 
A polynucleotide is said to “encode' a polypeptide if, in its 

native state or when manipulated by methods well known to 
those skilled in the art, it can be transcribed and/or translated 
to produce the mRNA for and/or the polypeptide or a frag 
ment thereof. The anti-sense Strand is the complement of such 
a nucleic acid, and the encoding sequence can be deduced 
therefrom. 
An "isolated' or “substantially pure' nucleic acid (e.g., an 

RNA, DNA or a mixed polymer) is one which is substantially 
separated from other cellular components which naturally 
accompany a native human sequence or protein, e.g., ribo 
Somes, polymerases, many other human genome sequences 
and proteins. The term embraces a nucleic acid sequence or 
protein that has been removed from its naturally occurring 
environment, and includes recombinant or cloned DNA iso 
lates and chemically synthesized analogs or analogs biologi 
cally synthesized by heterologous systems. 
“GLDC gene sequence,” “GLDC gene.” “GLDC nucleic 

acids” or "GLDC polynucleotide each refer to polynucle 
otides that are likely to be expressed in cancer tissue Such as 
lung tissue. 
The GLDC gene sequence is intended to include coding 

sequences, intervening sequences and regulatory elements 
controlling transcription and/or translation. The GLDC gene 
sequence is intended to include all allelic variations of the 
DNA sequence. 

These terms, when applied to a nucleic acid, refer to a 
nucleic acid that encodes a GLDC polypeptide, fragment, 
homologue or variant, including, e.g., protein fusions ordele 
tions. The nucleic acids of the present invention will possess 
a sequence that is either derived from, or Substantially similar 
to a natural GLDC encoding gene or one having Substantial 
homology with a natural GLDC encoding gene or a portion 
thereof. The coding sequence for human GLDC polypeptide 
is shown in SEQ ID NO: 1 with the amino acid sequence 
shown in SEQID NO: 2 respectively. A further poly nucle 
otide LIN28B nucleic acid may be expressed in cancer cells. 
The coding sequence for human LIN28B polypeptide is 
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shown in SEQID NO. 4 with the amino acid sequence shown 
in SEQID NO: 5 respectively. The same can be used to detect 
cancer is a cell. 
A nucleic acid or fragment thereof is “substantially 

homologous” (“or substantially similar') to another if, when 
optimally aligned (with appropriate nucleotide insertions or 
deletions) with the other nucleic acid (or its complementary 
Strand), there is nucleotide sequence identity in at least about 
60% of the nucleotide bases, usually at least about 70%, more 
usually at least about 80%, preferably at least about 90%, and 
more preferably at least about 95-98% of the nucleotide 
bases. 

Alternatively, Substantial homology or (identity) exists 
when a nucleic acid or fragment thereof will hybridise to 
another nucleic acid (or a complementary strand thereof) 
under selective hybridisation conditions, to a strand, or to its 
complement. Selectivity of hybridisation exists when 
hybridisation that is substantially more selective than total 
lack of specificity occurs. Typically, selective hybridisation 
will occur when there is at least about 55% identity over a 
stretch of at least about 14 nucleotides, preferably at least 
about 65%, more preferably at least about 75%, and most 
preferably at least about 90%. The length of homology com 
parison, as described, may be over longer stretches, and in 
certain embodiments will often be over a stretch of at least 
about nine nucleotides, usually at least about 20 nucleotides, 
more usually at least about 24 nucleotides, typically at least 
about 28 nucleotides, more typically at least about 32 nucle 
otides, and preferably at least about 36 or more nucleotides. 

Thus, polynucleotides of the invention preferably have at 
least 75%, more preferably at least 85%, more preferably at 
least 90% homology to the sequences shown in the sequence 
listings herein. More preferably there is at least 95%, more 
preferably at least 98%, homology. Nucleotide homology 
comparisons may be conducted as described below for 
polypeptides. A preferred sequence comparison program is 
the GCG Wisconsin Bestfit program described below. The 
default scoring matrix has a match value of 10 for each 
identical nucleotide and -9 for each mismatch. The default 
gap creation penalty is -50 and the default gap extension 
penalty is -3 for each nucleotide. 

In the context of the present invention, a homologous 
sequence is taken to include a nucleotide sequence which is at 
least 60, 70, 80 or 90% identical, preferably at least 95 or 98% 
identical at the amino acid level over at least 20, 50, 100, 200, 
300, 500 or 1000 nucleotides with the nucleotides sequence 
set out in SEQID. Nos 1. 

Other preferred polynucleotides comprise a contiguous 
sequence having greater than 40, 50, 60, or 70% homology, 
more preferably greater than 80, 90, 95 or 97% homology to 
the sequence of SEQID NO: 1 that encodes amino acids 1 to 
1020 of SEQID No. 2. 

Nucleotide sequences are preferably at least 15 nucleotides 
in length, more preferably at least 20, 30, 40, 50, 100 or 200 
nucleotides in length. 

Generally, the shorter the length of the polynucleotide, the 
greater the homology required to obtain selective hybridiza 
tion. Consequently, where a polynucleotide of the invention 
consists of less than about 30 nucleotides, it is preferred that 
the % identity is greater than 75%, preferably greater than 
90% or 95% compared with the GLDC nucleotide sequences 
set out in the sequence listings herein. Conversely, where a 
polynucleotide of the invention consists of for example, 
greater than 50 or 100 nucleotides, the '% identity compared 
with the GLDC nucleotide sequences set out in the sequence 
listings herein may be lower, for example greater than 50%, 
preferably greater than 60 or 75%. 
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Nucleic acid hybridisation will be affected by such condi 
tions as salt concentration, temperature, or organic solvents, 
in addition to the base composition, length of the complemen 
tary Strands, and the number of nucleotide base mismatches 
between the hybridizing nucleic acids, as will be readily 
appreciated by those skilled in the art. Stringent temperature 
conditions will generally include temperatures in excess of 30 
degrees C., typically in excess of 37 degrees C., and prefer 
ably in excess of 45 degrees C. Stringent salt conditions will 
ordinarily be less than 1000 mM, typically less than 500 mM, 
and preferably less than 200 mM. However, the combination 
of parameters is much more important than the measure of 
any single parameter. An example of stringent hybridization 
conditions is 65° C. and 0.1xSSC (1xSSC=0.15 M. NaCl, 
0.015 M sodium citrate pH 7.0). 
The “polynucleotide compositions of this invention 

include RNA, cDNA, genomic DNA, synthetic forms, and 
mixed polymers, both sense and antisense Strands, and may 
be chemically or biochemically modified or may contain 
non-natural or derivatized nucleotide bases, as will be readily 
appreciated by those skilled in the art. Such modifications 
include, for example, labels, methylation, Substitution of one 
or more of the naturally occurring nucleotides with an analog, 
internucleotide modifications such as uncharged linkages 
(e.g., methyl phosphonates, phosphotriesters, phosphoami 
dates, carbamates, etc.), charged linkages (e.g., phospho 
rothioates, phosphorodithioates, etc.), pendent moieties (e.g., 
polypeptides), intercalators (e.g., acridine, psoralen, etc.), 
chelators, alkylators, and modified linkages (e.g., alpha ano 
meric nucleic acids, etc.). Also included are synthetic mol 
ecules that mimic polynucleotides in their ability to bind to a 
designated sequence via hydrogen bonding and other chemi 
cal interactions. Such molecules are known in the art and 
include, for example, those in which peptide linkages Substi 
tute for phosphate linkages in the backbone of the molecule. 
GLDC Polypeptides 

Full length GLDC polypeptides of the present invention 
have about 1000 to 1200 amino acids, encode a Glycine 
dehydrogenase decarboxylating in a eukaryotic organism, 
particularly an animal; a mammal or a human, and include 
allelic variants or homologues. GLDC polypeptides also typi 
cally comprise fragments and derivatives of full length GLDC 
polypeptides, particularly fragments or derivatives having 
substantially the same biological activity. The GLDC 
polypeptides include those comprising the amino acid 
sequence of SEQ ID NOS: 2 or allelic variants or homo 
logues, including fragments, thereof. A particularly preferred 
polypeptide consists of amino acids 1 to 1020 of the amino 
acid sequence shown as SEQ ID NO: 2 or allelic variants, 
homologues or fragments, thereof. 

The term “polypeptide' refers to a polymer of amino acids 
and its equivalent and does not refer to a specific length of the 
product; thus, peptides, oligopeptides and proteins are 
included within the definition of a polypeptide. This term also 
does not refer to, or exclude modifications of the polypeptide, 
for example, glycosylations, acetylations, phosphorylations, 
and the like. Included within the definition are, for example, 
polypeptides containing one or more analogs of an amino 
acid (including, for example, natural amino acids, etc.), 
polypeptides with Substituted linkages as well as other modi 
fications known in the art, both naturally and non-naturally 
occurring. 

In the context of the present invention, a homologous 
sequence is taken to include an amino acid sequence which is 
at least 60, 70, 80 or 90% identical, preferably at least 95 or 
98% identical at the amino acid level over at least 20, 50, 100, 
200, 300 or 400 amino acids with the amino acid sequences 
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set out in SEQ ID. Nos 2. In particular, homology should 
typically be considered with respect to those regions of the 
sequence known to be essential for the function of the protein 
rather than non-essential 

Other preferred polypeptides comprise a contiguous 
sequence having greater than 40, 50, 60, or 70% homology, of 
SEQID No. 2. Although homology can also be considered in 
terms of similarity (i.e. amino acid residues having similar 
chemical properties/functions), in the context of the present 
invention it is also possible to express homology in terms of 
sequence identity. The terms “substantial homology” or “sub 
stantial identity, when referring to polypeptides, indicate 
that the polypeptide or protein in question exhibits at least 
about 70% identity with an entire naturally-occurring protein 
or a portion thereof, usually at least about 80% identity, and 
preferably at least about 90 or 95% identity. 
Homology comparisons can be conducted by eye, or more 

usually, with the aidofreadily available sequence comparison 
programs. These commercially available computer programs 
can calculate % homology between two or more sequences. 

Percentage (%) homology may be calculated over contigu 
ous sequences, i.e. one sequence is aligned with the other 
sequence and each amino acid in one sequence directly com 
pared with the corresponding amino acid in the other 
sequence, one residue at a time. This is called an “ungapped' 
alignment. Typically, such ungapped alignments are per 
formed only over a relatively short number of residues (for 
example less than 50 contiguous amino acids). 

Although this is a very simple and consistent method, it 
fails to take into consideration that, for example, in an other 
wise identical pair of sequences, one insertion ordeletion will 
cause the following amino acid residues to be put out of 
alignment, thus potentially resulting in a large reduction in 96 
homology when a global alignment is performed. Conse 
quently, most sequence comparison methods are designed to 
produce optimal alignments that take into consideration pos 
sible insertions and deletions without penalising unduly the 
overall homology score. This is achieved by inserting 'gaps' 
in the sequence alignment to try to maximise local homology. 

However, these more complex methods assign 'gap pen 
alties' to each gap that occurs in the alignment so that, for the 
same number of identical amino acids, a sequence alignment 
with as few gaps as possible—reflecting higher relatedness 
between the two compared sequences—will achieve a higher 
score than one with many gaps. 'Affine gap costs are typi 
cally used that charge a relatively high cost for the existence 
of a gap and a smaller penalty for each Subsequent residue in 
the gap. This is the most commonly used gap scoring system. 
High gap penalties will of course produce optimised align 
ments with fewer gaps. Most alignment programs allow the 
gap penalties to be modified. However, it is preferred to use 
the default values when using Such software for sequence 
comparisons. For example when using the GCG Wisconsin 
Bestfit package (see below) the default gap penalty for amino 
acid sequences is -12 for a gap and -4 for each extension. 
GLDC polypeptide homologues include those having the 

amino acid sequences, wherein one or more of the amino 
acids is substituted with another amino acid which substitu 
tions do not substantially alter the biological activity of the 
molecule. AGLDC polypeptide homologue according to the 
invention preferably has 80 percent or greater amino acid 
sequence identity to the human GLDC polypeptide amino 
acid sequence set out in SEQID NO: 2. Examples of GLDC 
polypeptide homologues within the scope of the invention 
include the amino acid sequence of SEQID NOS: 2 wherein: 
(a) one or more aspartic acid residues is Substituted with 
glutamic acid; (b) one or more isoleucine residues is Substi 
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tuted with leucine; (c) one or more glycine or valine residues 
is Substituted with alanine; (d) one or more arginine residues 
is substituted with histidine; or (e) one or more tyrosine or 
phenylalanine residues is substituted with tryptophan. 

Preferably “GLDC protein’ or “GLDC polypeptide” refers 
to a protein or polypeptide encoded by the GLDC gene 
sequence, variants or fragments thereof. Also included are 
proteins encoded by DNA that hybridize under high or low 
stringency conditions, to GLDC encoding nucleic acids and 
closely related polypeptides or proteins retrieved by antisera 
to the GLDC protein(s). 
A polypeptide “fragment,” “portion” or “segment' is a 

stretch of amino acid residues of at least about five to seven 
contiguous amino acids, often at least about seven to nine 
contiguous amino acids, typically at least about nine to 13 
contiguous amino acids and, most preferably, at least about 20 
to 30 or more contiguous amino acids. 

Preferred polypeptides of the invention have substantially 
similar function to wild type full length GLDC. Preferred 
polynucleotides of the invention encode polypeptides having 
substantially similar function to wild type full length GLDC. 
“Substantially similar function” refers to the function of a 
nucleic acid or polypeptide homologue, variant, derivative or 
fragment of GLDC with reference to the wild-type GLDC 
nucleic acid or wild-type GLDC polypeptide. 

However, non-functional forms of GLDC polypeptides 
may also be included within the scope of the invention since 
they may be useful, for example, as antagonists of GLDC 
function. 

“Probes’. Polynucleotide polymorphisms associated with 
GLDC alleles are detected by hybridisation with a polynucle 
otide probe which forms a stable hybrid with that of the target 
sequence, under Stringent to moderately stringent hybridisa 
tion and wash conditions. If it is expected that the probes will 
be perfectly complementary to the target sequence, stringent 
conditions will be used. Hybridisation stringency may be 
lessened if some mismatching is expected, for example, if 
variants are expected with the result that the probe will not be 
completely complementary. Conditions are chosen which 
rule out nonspecific/adventitious bindings, that is, which 
minimize noise. Since such indications identify neutral DNA 
polymorphisms as well as mutations, these indications need 
further analysis to demonstrate detection of a GLDC in can 
cer cells. 

Probes for GLDC nucleic acid may be derived from the 
sequences of the GLDC region or its cDNAs. The probes may 
be of any suitable length, which span all or a portion of the 
GLDC nucleic acid. If the target sequence contains a 
sequence identical to that of the probe, the probes may be 
short, e.g., in the range of about 8-30 base pairs, since the 
hybrid will be relatively stable under even stringent condi 
tions. If some degree of mismatch is expected with the probe, 
i.e., if it is suspected that the probe will hybridize to a variant 
region, a longer probe may be employed which hybridises to 
the target sequence with the requisite specificity. 

The probes will include an isolated polynucleotide 
attached to a label or reporter molecule and may be used to 
isolate other polynucleotide sequences, having sequence 
similarity by Standard methods. For techniques for preparing 
and labeling probes see, e.g. Sambrook et al., 1989: “Molecu 
lar Cloning: a laboratory manual. Sambrook, J., Fritsch, E. F. 
and Maniatis, T. (1989). Coldspring Harbour Laboratory 
Press, Cold spring Harbour, N.Y. Other similar polynucle 
otides may be selected by using homologous polynucle 
otides. Alternatively, polynucleotides encoding these or simi 
lar polypeptides may be synthesized or selected by use of the 
redundancy in the genetic code. Various codon Substitutions 
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may be introduced, e.g., by silent changes (thereby producing 
various restriction sites) or to optimize expression for a par 
ticular system. Mutations may be introduced to modify the 
properties of the polypeptide, perhaps to change ligand-bind 
ing affinities, interchain affinities, or the polypeptide degra 
dation or turnover rate. 

Probes comprising synthetic oligonucleotides or other 
polynucleotides of the present invention may be derived from 
naturally occurring or recombinant single- or double 
Stranded polynucleotides, or be chemically synthesized. 
Probes may also be labeled by nick translation, Klenow fill-in 
reaction, or other methods known in the art. 

Portions of the polynucleotide sequence having at least 
about eight nucleotides, usually at least about 15 nucleotides, 
and fewer than about 6 kb, usually fewer than about 1.0 kb, 
from a polynucleotide sequence encoding GLDC are pre 
ferred as probes. The probes may also be used to determine 
whether mRNA encoding GLDC is present in a cell or tissue. 
The present invention provides one or more GLDC poly 

nucleotides or fragments thereof comprising mutations with 
respect to the wildtype sequence, Such as the sequence shown 
in SEQID No. 1. In a further embodiment, the present inven 
tion provides a plurality of GLDC polynucleotides or frag 
ments thereof. The plurality of sequences is conveniently 
provided immobilized to a solid substrate as is described 
below. 
Nucleic Acid Arrays—"DNA Chip’ Technology 

Polynucleotides of the invention, including probes that 
may be used to detect GLDC sequences in nucleic acid 
samples Such as mRNA taken from patients, may be immo 
bilized to a solid phase support. The probes for GLDC will 
typically form part of a library of DNA molecules that may be 
used to detect simultaneously a number of different genes in 
a given genome. 

Techniques for producing immobilised libraries of DNA 
molecules have been described in the art. Generally, most 
prior art methods describe the synthesis of single-stranded 
nucleic acid molecule libraries, using for example masking 
techniques to build up various permutations of sequences at 
the various discrete positions on the solid substrate. U.S. Pat. 
No. 5,837,832, the contents of which are incorporated herein 
by reference, describes an improved method for producing 
DNA arrays immobilised to silicon substrates based on very 
large scale integration technology. In particular, U.S. Pat. No. 
5.837,832 describes a strategy called “tiling to synthesize 
specific sets of probes at spatially-defined locations on a 
substrate which may be used to produce the immobilised 
DNA libraries of the present invention. U.S. Pat. No. 5,837, 
832 also provides references for earlier techniques that may 
also be used. Thus nucleic acid probes may be synthesised in 
situ on the surface of the substrate. 

Alternatively, single-stranded molecules may be synthe 
sised off the Solid Substrate and each pre-formed sequence 
applied to a discrete position on the solid substrate. For 
example, nucleic acids may be printed directly onto the Sub 
strate using robotic devices equipped with either pins or pizo 
electric devices. 
The library sequences are typically immobilised onto or in 

discrete regions of a solid substrate. The substrate may be 
porous to allow immobilisation within the substrate or sub 
stantially non-porous, in which case the library sequences are 
typically immobilised on the surface of the substrate. The 
solid substrate may be made of any material to which 
polypeptides can bind, either directly or indirectly. Examples 
of Suitable solid Substrates include flat glass, silicon wafers, 
mica, ceramics and organic polymers such as plastics, includ 
ing polystyrene and polymethacrylate. It may also be possible 
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to use semi-permeable membranes such as nitrocellulose or 
nylon membranes, which are widely available. The semi 
permeable membranes may be mounted on a more robust 
Solid Surface Such as glass. The Surfaces may optionally be 
coated with a layer of metal. Such as gold, platinum or other 
transition metal. A particular example of a Suitable Solid 
substrate is the commercially available BiaCoreTM chip 
(Pharmacia Biosensors). 

Preferably, the solid substrate is generally a material hav 
ing a rigidorsemi-rigid Surface. In preferred embodiments, at 
least one surface of the substrate will be substantially flat, 
although in Some embodiments it may be desirable to physi 
cally separate synthesis regions for different polymers with, 
for example, raised regions or etched trenches. It is also 
preferred that the solid substrate is suitable for the high den 
sity application of DNA sequences in discrete areas of typi 
cally from 50 to 100 um, giving a density of 10000 to 40000 
cm'. 
The solid substrate is conveniently divided up into sec 

tions. This may beachieved by techniques such as photoetch 
ing, or by the application of hydrophobic inks, for example 
teflon-based inks (Cel-line, USA). 

Discrete positions, in which each different member of the 
library is located may have any convenient shape, e.g., circu 
lar, rectangular, elliptical, wedge-shaped, etc. 

Attachment of the nucleic acid sequences to the Substrate 
may be by covalent or non-covalent means. The nucleic acid 
sequences may be attached to the Substrate via a layer of 
molecules to which the library sequences bind. For example, 
the nucleic acid sequences may be labelled with biotin and the 
substrate coated with avidinand/or streptavidin. A convenient 
feature of using biotinylated nucleic acid sequences is that the 
efficiency of coupling to the solid substrate can be determined 
easily. Since the nucleic acid sequences may bind only poorly 
to some solid Substrates, it is often necessary to provide a 
chemical interface between the solid substrate (such as in the 
case of glass) and the nucleic acid sequences. Examples of 
Suitable chemical interfaces include hexaethylene glycol. 
Another example is the use of polylysine coated glass, the 
polylysine then being chemically modified using standard 
procedures to introduce an affinity ligand. Other methods for 
attaching molecules to the surfaces of solid substrate by the 
use of coupling agents are known in the art see for example 
WO98/.49557. 

Binding of complementary nucleic acid sequence to the 
immobilised nucleic acid library may be determined by a 
variety of means such as changes in the optical characteristics 
of the bound nucleic acid (i.e. by the use of ethidium bromide) 
or by the use of labelled nucleic acids, such as polypeptides 
labelled with fluorophores. Other detection techniques that 
do not require the use of labels include optical techniques 
Such as optoacoustics, reflectometry, ellipsometry and Sur 
face plasmon resonance (SPR)—see WO97/49989, incorpo 
rated herein by reference. 

Thus the present invention provides a solid substrate hav 
ing immobilized thereon at least one polynucleotide of the 
present invention, for example GLDC polynucleotides. In a 
preferred embodiment the solid substrate further comprises 
polynucleotides derived from genes other than the GLDC 
gene Such as a probe to polynucleotides known to be over 
expressed in cancer cells. 
Any GLDC nucleic acid specimen, in purified or non 

purified form, can be utilised as the starting nucleic acid or 
acids. 
PCR is one such process that may be used to amplify 

GLDC gene sequences. This technique may amplify, for 
example, DNA or RNA, including messenger RNA, wherein 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
DNA or RNA may be single stranded or double stranded. In 
the event that RNA is to be used as a template, enzymes, 
and/or conditions optimal for reverse transcribing the tem 
plate to DNA would be utilized. In addition, a DNA-RNA 
hybrid that contains one strand of each may be utilized. A 
mixture of nucleic acids may also be employed, or the nucleic 
acids produced in a previous amplification reaction described 
herein, using the same or different primers may be so utilised. 
The specific nucleic acid sequence to be amplified, i.e., the 

polymorphic gene sequence, may be a fraction of a larger 
molecule or can be present initially as a discrete molecule, so 
that the specific sequence constitutes the entire nucleic acid. 
It is not necessary that the sequence to be amplified is present 
initially in a pure form; it may be a minor fraction of a 
complex mixture. Such as contained in whole human DNA. 

Nucleic acid utilized herein may be extracted from a body 
sample, such as blood, tissue material, lung tissue, colon 
tissue, breast tissue and the like by a variety of techniques 
such as that described by Maniatis, et. al. in Molecular Clon 
ing: A Laboratory Manual, Cold Spring Harbor, N.Y., p 280 
281, 1982). If the extracted sample has not been purified, it 
may be treated before amplification with an amount of a 
reagent effective to open the cells, or animal cell membranes 
of the sample, and to expose and/or separate the strand(s) of 
the nucleic acid(s). This lysing and nucleic acid denaturing 
step to expose and separate the strands will allow amplifica 
tion to occur much more readily. 
The deoxyribonucleotide triphosphates dATP, dCTP, 

dGTP and dTTP are added to the synthesis mixture, either 
separately or together with the primers, inadequate amounts 
and the resulting solution is heated to about 90 degrees-100 
degrees C. from about 1 to 10 minutes, preferably from 1 to 4 
minutes. After this heating period, the solution is allowed to 
cool, which is preferable for the primer hybridization. To the 
cooled mixture is added an appropriate agent for effecting the 
primer extension reaction (called herein "agent for polymer 
ization'), and the reaction is allowed to occur under condi 
tions known in the art. The agent for polymerization may also 
be added together with the other reagents if it is heat stable. 
This synthesis (or amplification) reaction may occurat room 
temperature up to a temperature above which the agent for 
polymerization no longer functions. Thus, for example, if 
DNA polymerase is used as the agent, the temperature is 
generally no greater than about 40 degree C. Most conve 
niently the reaction occurs at room temperature. 

Specific oligonucleotide primers derived from GLDC gene 
sequence may be useful in determining whether a subject is at 
risk of suffering from the ailments described herein. Primers 
direct amplification of a target polynucleotide e.g. GLDC 
prior to sequencing. Primers used in any diagnostic assays 
derived from the present invention should be of sufficient 
length and appropriate sequence to provide initiation of poly 
merisation. Environmental conditions conducive to synthesis 
include the presence of nucleoside triphosphates and an agent 
for polymerisation, Such as DNA polymerase, and a suitable 
temperature and pH. 

Primers are preferably single stranded for maximum effi 
ciency in amplification, but may be double stranded. If double 
Stranded, primers may be first treated to separate the Strands 
before being used to prepare extension products. Primers 
should be sufficiently long to prime the synthesis of GLDC 
extension products in the presence of the inducing agent for 
polymerization. The exact length of a primer will depend on 
many factors, including temperature, buffer, and nucleotide 
composition. Oligonucleotide primers will typically contain 
12-20 or more nucleotides, although they may contain fewer 
nucleotides. 
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Primers that may be used in diagnostic assays derived from 
the present invention should be designed to be substantially 
complementary to each Strand of the GLDC genomic gene 
sequence. This means that the primers must be sufficiently 
complementary to hybridise with their respective strands 
under conditions that allow the agent for polymerisation to 
perform. In other words, the primers should have sufficient 
complementarity with the 5' and 3' sequences flanking the 
detection site to hybridise therewith and permit amplification 
of the GLDC genomic gene sequence. 

Oligonucleotide primers of the invention employed in the 
PCR amplification process that is an enzymatic chain reaction 
that produces exponential quantities of GLDC nucleic acid 
sequence relative to the number of reaction steps involved. 
Typically, one primer will be complementary to the negative 
(-) strand of the GLDC nucleic acid sequence and the other is 
complementary to the positive (+) strand. Annealing the 
primers to denatured nucleic acid followed by extension with 
an enzyme. Such as the large fragment of DNA polymerase I 
(Klenow) and nucleotides, results in newly synthesised + 
and - Strands containing the target a GLDC nucleic acid 
sequence. Because these newly synthesized sequences are 
also templates, repeated cycles of denaturing, primeranneal 
ing, and extension results in exponential production of the 
region (i.e., the GLDC nucleic acid sequence) defined by the 
primers. The product of the chain reaction is a discreet nucleic 
acid duplex with termini corresponding to the ends of the 
specific primers employed. 

Oligonucleotide primers may be prepared using any Suit 
able method, Such as conventional phosphotriester and phos 
phodiester methods or automated embodiments thereof. In 
one such automated embodiment, diethylphosphoramidites 
are used as starting materials and may be synthesized as 
described by Beaucage, et al., Tetrahedron Letters, 22:1859 
1862, 1981. One method for synthesising oligonucleotides on 
a modified solid support is described in U.S. Pat. No. 4,458, 
O66. 
The agent for polymerisation may be any compound or 

system which will function to accomplish the synthesis of 
primer extension products, including enzymes. Suitable 
enzymes for this purpose include, for example, E. coli DNA 
polymerase I, Klenow fragment of E. coli DNA polymerase, 
polymerase muteins, reverse transcriptase, other enzymes, 
including heat-stable enzymes (i.e., those enzymes which 
perform primer extension after being Subjected to tempera 
tures sufficiently elevated to cause denaturation). Such as Taq 
polymerase. Suitable enzyme will facilitate combination of 
the nucleotides in the proper manner to form the primer 
extension products that are complementary to each GLDC 
sequence nucleic acid strand. Generally, the synthesis will be 
initiated at the 3' end of each primer and proceed in the 5' 
direction along the template Strand, until synthesis termi 
nates, producing molecules of different lengths. 
The newly synthesised GLDC strand and its complemen 

tary nucleic acid strand will form a double-stranded molecule 
under hybridizing conditions described above and this hybrid 
is used in Subsequent steps of the process. In the next step, the 
newly synthesized double-stranded molecule (GLDC) is sub 
jected to denaturing conditions using any of the procedures 
described above to provide single-stranded molecules. 

Sequences amplified by the methods of the invention can 
be further evaluated, detected, cloned, sequenced, and the 
like, either in Solution or after binding to a solid Support, by 
any method usually applied to the detection of a specific DNA 
sequence Such as PCR, oligomer restriction (Saiki, et. al., 
Bio/Technology, 3:1008-1012, 1985), allele-specific oligo 
nucleotide (ASO) probe analysis (Conner, et. al., Proc. Natl. 
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Acad. Sci. U.S.A., 80:278, 1983), oligonucleotide ligation 
assays (OLAs) (Landgren, et. al., Science, 241:1007, 1988), 
and the like. Molecular techniques for DNA analysis have 
been reviewed (Landgren, et. al., Science, 242:229-237. 
1988). 

Preferably, the method of amplifying GLDC nucleic acid is 
by PCR, as described herein or real time PCR and as is 
commonly used by those of ordinary skill in the art. Alterna 
tive methods of amplification have been described and can 
also be employed as long as the GLDC nucleic acid sequence 
amplified by PCR using primers of the invention is similarly 
amplified by the alternative means. Such alternative amplifi 
cation systems include but are not limited to self-sustained 
sequence replication, which begins with a short sequence of 
RNA of interest and a T7 promoter. Reverse transcriptase 
copies the RNA into cDNA and degrades the RNA, followed 
by reverse transcriptase polymerizing a second strand of 
DNA. Another nucleic acid amplification technique is nucleic 
acid sequence-based amplification (NASBA) which uses 
reverse transcription and T7 RNA polymerase and incorpo 
rates two primers to target its cycling scheme. NASBA can 
begin with either DNA or RNA and finish with either, and 
amplifies to 10 copies within 60 to 90 minutes. Alternatively, 
nucleic acid can be amplified by ligation activated transcrip 
tion (LAT). LAT works from a single-stranded template with 
a single primer that is partially single-stranded and partially 
double-stranded. Amplification is initiated by ligating a 
cDNA to the promoter oligonucleotide and within a few 
hours, amplification is 10 to 10 fold. The QB replicase 
system can be utilized by attaching an RNA sequence called 
MDV-1 to RNA complementary to a DNA sequence of inter 
est. Upon mixing with a sample, the hybrid RNA finds its 
complement among the specimen’s mRNAS and binds, acti 
Vating the replicase to copy the tag-along sequence of interest. 
Another nucleic acid amplification technique, ligase chain 
reaction (LCR), works by using two differently labeled halves 
of a sequence of interest that are covalently bonded by ligase 
in the presence of the contiguous sequence in a sample, form 
ing a new target. The repair chain reaction (RCR) nucleic acid 
amplification technique uses two complementary and target 
specific oligonucleotide probe pairs, thermostable poly 
merase and ligase, and DNA nucleotides to geometrically 
amplify targeted sequences. A 2-base gap separates the oli 
gonucleotide probe pairs, and the RCR fills and joins the gap, 
mimicking normal DNA repair. Nucleic acid amplification by 
strand displacement activation (SDA) utilizes a short primer 
containing a recognition site forhincII with short overhang on 
the 5' end that binds to target DNA. A DNA polymerase fills 
in the part of the primer opposite the overhang with sulfur 
containing adenine analogs. HincII is added but only cuts the 
unmodified DNA strand. A DNA polymerase that lacks 5' 
exonuclease activity enters at the site of the nick and begins to 
polymerize, displacing the initial primer Strand downstream 
and building a new one which serves as more primer. SDA 
produces greater than 10-fold amplification in 2 hours at 37 
degrees C. Unlike PCR and LCR, SDA does not require 
instrumented temperature cycling. Another amplification 
system useful in the method of the invention is the QB Rep 
licase System. Although PCR is the preferred method of 
amplification if the invention, these other methods can also be 
used to amplify the GLDC nucleic acid sequence as described 
in the method of the invention. 
A “tissue sample, as used herein, refers to a biological 

sample obtained from a tissue in the body, for example a 
biopsy. In a preferred embodiment the tissue sample is of a 
tumor. Frequently the tissue sample will be a “clinical 
sample, which is a sample derived from a patient such as a 
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fine needle biopsy sample. A “tissue sample may also 
include a section of tissue such as a section taken from a 
frozen or fixed tumor. Tissue samples can be obtained from 
tumors of the lung, colon, breast, or cancer tumours located at 
other sites for example but not limited to bladder, brain, 
uterus, cervix, colon, rectum, esophagus, mouth, head, skin, 
kidney, lung, ovary, neck, pancreas, prostate, testis, liver and 
stomach. The tissue sample may be present on a tissue array 
or may comprise a whole tissue section. An 'evenly matched 
tissue sample is a tissue sample of the same type (i.e. com 
prising the same types of cells from the same type of tumour 
from the same type of subject). “Evenly matched tissue 
samples can be used to provide reference profiles in the meth 
ods provided herein. The evenly matched tissue can be used as 
a sample isolated from normal, non-cancerous cells. 
A“tumour' refers to an abnormal growth of tissue that may 

be comprised of cells that for example, proliferate rapidly. 
Tumours may be present, for example, in the breast, bladder, 
brain, uterus, cervix, colon, rectum, esophagus, head, skin, 
kidney, lung (including Non Small Cell Lung Cancer), ovary, 
neck, pancreas, prostate, testis, liver and stomach. 
A further aspect of the invention is a compound comprising 

a GLDC inhibitor capable of inhibiting expression of GLDC. 
Preferably the compound further comprises a DNA damaging 
agent. Preferably the DNA damaging agent is a chemothera 
peutic agent. 
GLDC Inhibitors 
A GLDC inhibitor is any protein, peptide, nucleic acid, 

such as siRNA, antibodies capable of selectively binding the 
GLDC polypeptide, small molecule compound or the like that 
can stop, hinder or block the expression of GLDC protein. 
MicroRNA 

In some embodiments, the present invention provides 
MicroRNAs that inhibit the expression of GLDC. MicroR 
NAS are regulatory, non-protein-coding, endogenous RNAS 
that have recently gained considerable attention in the scien 
tific community. They are 18-24 nucleotides in length and are 
thought to regulate gene expression through translational 
repression by binding to a target. They are also proposed to 
regulate gene expression by mRNA cleavage, and mRNA 
decay initiated by miRNA-guided rapid deadenylation. miR 
NAS are abundant, highly conserved molecules and predicted 
to regulate a large number of transcripts. To date the interna 
tional miRNA Registry database has more than 600 human 
identified microRNAs and their total number in humans has 
been predicted to be as high as 1,000. Many of these microR 
NAS exhibit tissue-specific expression and many are defined 
to play a crucial role in variety of cellular processes Such as 
cell cycle control, apoptosis, and haematopoiesis. 
GLDC expression is inhibited by Glycine dehydrogenase 

specific microRNA for example: MISSIONR shRNA Len 
tiviral Transduction Particles (Sigma, NM_000170/ 
TRCN0000036600 of SEQID NO: 70: CGGCCTGCCAA 
CATCCGTTTGAAACTC 
GAGTTTCAAACGGATGTTGGCAGGTTTTTG. 
Accordingly, in Some embodiments, the present invention 
provides methods of inhibiting GLDC expression and/or 
activity using microRNAs. In some embodiments, miRNAs 
inhibit the expression of GLDC protein. In other embodi 
ments, miRNAs GLDC activity. 
The present invention is not limited to disclosed RNAi. 

Additional miRNAs can be screened for their activity against 
GLDC using any Suitable method, including, but not limited 
to, those disclosed below. Suitable nucleic acids for use in the 
methods described herein include, but are not limited to, 
pri-miRNA, pre-miRNA, mature miRNA or fragments of 
variants thereof that retain the biological activity of the 
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miRNA and DNA encoding a pri-miRNA, pre-miRNA, 
mature miRNA, fragments or variants thereof, or DNA 
encoding regulatory elements of the miRNA. 

In some embodiments the nucleic acid encoding the dis 
closed inhibitory nucleic acids, for example a miRNA mol 
ecule, is on a vector. These vectors include a sequence encod 
ing a mature microRNA and in vivo expression elements. In 
a preferred embodiment, these vectors include a sequence 
encoding a pre-miRNA and in Vivo expression elements such 
that the pre-miRNA is expressed and processed in vivo into a 
mature miRNA. In other embodiments, these vectors include 
a sequence encoding the pri-miRNA gene and in vivo expres 
sion elements. In this embodiment, the primary transcript is 
first processed to produce the stem-loop precursor miRNA 
molecule. The stem-loop precursor is then processed to pro 
duce the mature microRNA. Vectors include, but are not 
limited to, plasmids, cosmids, phagemids, viruses, other 
vehicles derived from viral or bacterial sources that have been 
manipulated by the insertion or incorporation of the nucleic 
acid sequences for producing the microRNA, and free nucleic 
acid fragments which can be attached to these nucleic acid 
sequences. Viral and retroviral vectors are a preferred type of 
vector and include, but are not limited to, nucleic acid 
sequences from the following viruses: retroviruses, such as: 
Moloney murine leukemia virus; Murine stem cell virus, 
Harvey murine sarcomavirus; murine mammary tumor virus; 
Rous sarcoma virus; adenovirus; adeno-associated virus; 
SV40-type viruses; polyoma viruses; Epstein-Barr viruses: 
papilloma viruses; herpes viruses; vaccinia viruses; polio 
viruses; and RNA viruses such as any retrovirus. One of skill 
in the art can readily employ other vectors known in the art. 
GLDC Antibodies 
The present invention also provides labelled and unlabeled 

monoclonal and polyclonal antibodies specific for GLDC 
polypeptides of the invention and immortal cell lines that 
produce a monoclonal antibody of the invention. Antibody 
preparation according to the invention involves: (a) conjugat 
ing a GLDC polypeptide to a carrier protein; (b) immunizing 
a host animal with the GLDC polypeptide fragment-carrier 
protein conjugate of step (a) admixed with an adjuvant; and 
(c) obtaining antibody from the immunized host animal. 

According to the invention, GLDC polypeptide produced 
recombinantly or by chemical synthesis, and fragments or 
other derivatives or analogs thereof, including fusion pro 
teins, may be used as an immunogen to generate antibodies 
that recognize the GLDC polypeptide. Such antibodies 
include but are not limited to polyclonal, monoclonal, chi 
meric, single chain, Fab fragments, and a Fab expression 
library. 

Thus, the present invention also provides polyclonal and/or 
monoclonal antibodies and fragments thereof, and immuno 
logic binding equivalents thereof, which are capable of spe 
cifically binding to the GLDC polypeptides and fragments 
thereof. Such antibodies thus include for example, but are not 
limited to polyclonal, monoclonal, chimeric, single chain, 
Fab fragments, and a Fab expression library. Production of 
antibodies specific for GLDC polypeptides or fragments 
thereof is described below. 
A molecule is “antigenic’ when it is capable of specifically 

interacting with an antigen recognition molecule of the 
immune system, such as an immunoglobulin (antibody) or T 
cell antigen receptor. An antigenic polypeptide contains at 
least about 5, and preferably at least about 10, amino acids. An 
antigenic portion of a molecule can be that portion that is 
immunodominant for antibody or T cell receptor recognition, 
or it can be a portion used to generate an antibody to the 
molecule by conjugating the antigenic portion to a carrier 
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molecule for immunization. A molecule that is antigenic need 
not be itself immunogenic, i.e., capable of eliciting an 
immune response without a carrier. 
An “antibody' is any immunoglobulin, including antibod 

ies and fragments thereof, that binds a specific epitope. The 
term encompasses polyclonal, monoclonal, and chimeric 
antibodies, the last mentioned described in further detail in 
U.S. Pat. Nos. 4,816,397 and 4,816,567, as well as antigen 
binding portions of antibodies, including Fab, F(ab') and 
F(v) (including single chain antibodies). Accordingly, the 
phrase “antibody molecule' in its various grammatical forms 
as used herein contemplates both an intact immunoglobulin 
molecule and an immunologically active portion of an immu 
noglobulin molecule containing the antibody combining site. 
An “antibody combining site' is that structural portion of an 
antibody molecule comprised of heavy and light chain vari 
able and hyperVariable regions that specifically binds an anti 
gen. 

Exemplary antibody molecules are intact immunoglobulin 
molecules, Substantially intact immunoglobulin molecules 
and those portions of an immunoglobulin molecule that con 
tains the paratope, including those portions known in the art 
as Fab, Fab'. F(ab'), and F(v), which portions are preferred for 
use in the therapeutic methods described herein. 

Fab and F(ab') portions of antibody molecules are pre 
pared by the proteolytic reaction of papain and pepsin, 
respectively, on Substantially intact antibody molecules by 
methods that are well-known. See for example, U.S. Pat. No. 
4.342,566. Fab' antibody molecule portions are also well 
known and are produced from F(ab'), portions followed by 
reduction of the disulfide bonds linking the two heavy chain 
portions as with mercaptoethanol, and followed by alkylation 
of the resulting protein mercaptain with a reagent Such as 
iodoacetamide. An antibody containing intact antibody mol 
ecules is preferred herein. 
The phrase "monoclonal antibody' in its various gram 

matical forms refers to an antibody having only one species of 
antibody combining site capable of immunoreacting with a 
particular antigen. A monoclonal antibody thus typically dis 
plays a single binding affinity for any antigen with which it 
immunoreacts. A monoclonal antibody may therefore contain 
an antibody molecule having a plurality of antibody combin 
ing sites, each immunospecific for a different antigen; e.g., a 
bi-specific (chimeric) monoclonal antibody. 

The term “adjuvant” refers to a compound or mixture that 
enhances the immune response to an antigen. An adjuvant can 
serve as a tissue depot that slowly releases the antigen and 
also as a lymphoid system activator that non-specifically 
enhances the immune response Hood et al., in Immunology, 
p. 384, Second Ed., Benjamin/Cummings, Menlo Park, Calif. 
(1984). Often, a primary challenge with an antigen alone, in 
the absence of an adjuvant, will fail to elicit a humoral or 
cellular immune response. Adjuvants include, but are not 
limited to, complete Freund's adjuvant, incomplete Freund's 
adjuvant, Saponin, mineral gels such as aluminum hydroxide, 
Surface active Substances such as lysolecithin, pluronic poly 
ols, polyanions, peptides, oil or hydrocarbon emulsions, key 
hole limpet hemocyanins, dinitrophenol, and potentially use 
ful human adjuvants such as BCG (bacille Calmette-Guerin) 
and Corynebacterium parvum. Preferably, the adjuvant is 
pharmaceutically acceptable. 

Various procedures known in the art may be used for the 
production of polyclonal antibodies to GLDC polypeptide, or 
fragment, derivative or analog thereof. For the production of 
antibody, various host animals can be immunized by injection 
with the GLDC polypeptide, or a derivative (e.g., fragment or 
fusion protein) thereof, including but not limited to rabbits, 
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mice, rats, sheep, goats, etc. In one embodiment, the GLDC 
polypeptide or fragment thereof can be conjugated to an 
immunogenic carrier, e.g., bovine serum albumin (BSA) or 
keyhole limpet hemocyanin (KLH). Various adjuvants may 
be used to increase the immunological response, depending 
on the host species, including but not limited to Freund's 
(complete and incomplete), mineral gels such as aluminum 
hydroxide, Surface active Substances Such as lysolecithin, 
pluronic polyols, polyanions, peptides, oil emulsions, key 
hole limpet hemocyanins, dinitrophenol, and potentially use 
ful human adjuvants such as BCG (bacille Calmette-Guerin) 
and Corynebacterium parvum. 

For preparation of monoclonal antibodies directed toward 
the GLDC polypeptide, or fragment, analog, or derivative 
thereof, any technique that provides for the production of 
antibody molecules by continuous cell lines in culture may be 
used. These include but are not limited to the hybridoma 
technique originally developed by Kohler et al., Nature, 256: 
495-497 (1975), as well as the trioma technique, the human 
B-cell hybridoma technique KOZbor et al., Immunology 
Today, 4:72 (1983), and the EBV-hybridoma technique to 
produce human monoclonal antibodies Cole et al., in Mono 
clonal Antibodies and Cancer Therapy, pp. 77-96, Alan R. 
Liss, Inc., (1985). Immortal, antibody-producing cell lines 
can be created by techniques other than fusion, Such as direct 
transformation of B lymphocytes with oncogenic DNA, or 
transfection with Epstein-Barr virus. See, e.g., M. Schreier et 
al., “Hybridoma Techniques” (1980); Hammerling et al., 
"Monoclonal Antibodies And T-cell Hybridomas' (1981); 
Kennett et al., “Monoclonal Antibodies' (1980); see also U.S. 
Pat. Nos. 4,341,761; 4,399,121; 4,427,783; 4,444,887; 4,451, 
570; 4,466,917: 4,472,500; 4,491,632; and 4,493,890. 

In an additional embodiment of the invention, monoclonal 
antibodies can be produced in germ-free animals utilizing 
recent technology (PCT/US90/02545). According to the 
invention, human antibodies may be used and can be obtained 
by using human hybridomas Cote et al., Proc. Natl. Acad. 
Sci. USA, 80:2026-2030 (1983) or by transforming human B 
cells with EBV virus in vitro (Cole et al., 1985, Supra). In fact, 
according to the invention, techniques developed for the pro 
duction of "chimeric antibodies' Morrison et al., J. Bacte 
riol., 159-870 (1984); Neuberger et al., Nature, 312:604-608 
(1984); Takeda et al., Nature, 314:452-454 (1985) by splic 
ing the genes from a mouse antibody molecule specific for a 
GLDC polypeptide together with genes from a human anti 
body molecule of appropriate biological activity can be used; 
such antibodies are within the scope of this invention. Such 
human or humanized chimeric antibodies are preferred for 
use in therapy of human diseases or disorders (described 
infra), since the human or humanized antibodies are much 
less likely than Xenogenic antibodies to induce an immune 
response, in particular an allergic response, themselves. 

According to the invention, techniques described for the 
production of single chain antibodies (U.S. Pat. No. 4,946, 
778) can be adapted to produce GLDC polypeptide-specific 
single chain antibodies. An additional embodiment of the 
invention utilizes the techniques described for the construc 
tion of Fab expression libraries Huse et al., Science, 246: 
1275-1281 (1989) to allow rapid and easy identification of 
monoclonal Fab fragments with the desired specificity for a 
GLDC polypeptide, or its derivatives, or analogs. 

Antibody fragments which contain the idiotype of the anti 
body molecule can be generated by known techniques. For 
example, Such fragments include but are not limited to: the 
F(ab')2 fragment which can be produced by pepsin digestion 
of the antibody molecule; the Fab' fragments which can be 
generated by reducing the disulfide bridges of the F(ab') 



US 9,297,813 B2 
25 

fragment, and the Fab fragments which can be generated by 
treating the antibody molecule with papain and a reducing 
agent. 

In the production of antibodies, screening for the desired 
antibody can be accomplished by techniques known in the art, 
e.g., radioimmunoassay, ELISA (enzyme-linked immunosor 
bent assay), “sandwich’immunoassays, immunoradiometric 
assays, gel diffusion precipitin reactions, immunodiffusion 
assays, in situ immunoassays (using colloidal gold, enzyme 
or radioisotope labels, for example), Western blots, precipi 
tation reactions, agglutination assays (e.g., gel agglutination 
assays, hemagglutination assays), complement fixation 
assays, immunofluorescence assays, protein A assays, and 
immunoelectrophoresis assays, etc. In one embodiment, anti 
body binding is detected by detecting a label on the primary 
antibody. In another embodiment, the primary antibody is 
detected by detecting binding of a secondary antibody or 
reagent to the primary antibody. In a further embodiment, the 
secondary antibody is labelled. Many means are known in the 
art for detecting binding in an immunoassay and are within 
the scope of the present invention. For example, to select 
antibodies that recognize a specific epitope of a GLDC 
polypeptide, one may assay generated hybridomas for a prod 
uct that binds to a GLDC polypeptide fragment containing 
Such epitope. 
The foregoing antibodies can be used in methods known in 

the art relating to the localization and activity of the GLDC 
polypeptide, e.g., for Western blotting, imaging GLDC 
polypeptide in situ, measuring levels of GLDC expression 
thereof in appropriate physiological samples, etc. In a pre 
ferred embodiment the antibodies of the invention are used to 
inhibit GLDC expression as a cancer therapy. 

In a specific embodiment, antibodies are developed by 
immunizing rabbits with synthetic peptides predicted by the 
protein sequence or with recombinant proteins made using 
bacterial expression vectors. The choice of synthetic peptides 
is made after careful analysis of the predicted protein struc 
ture, as described above. In particular, peptide sequences 
between putative cleavage sites are chosen. Synthetic pep 
tides are conjugated to a carrier Such as KLH hemocyanin or 
BSA using carbodiimide and used in Freunds adjuvant to 
immunize rabbits. In order to prepare recombinant protein, 
the pGEX vector can be used to express the polypeptide. 
Alternatively, one can use only hydrophilic domains to gen 
erate the fusion protein. The expressed protein will be pre 
pared in quantity and used to immunize rabbits in Freunds 
adjuvant. 

In yet another embodiment, recombinant GLDC polypep 
tide is used to immunize rabbits, and the polyclonal antibod 
ies are immunopurified prior to further use. The purified 
antibodies are particularly useful for semi-quantitative 
assays, particularly for detecting the presence of GLDC 
polypeptide. 

Preferably, the anti-modulator antibody used in the diag 
nostic and therapeutic methods of this invention is an affinity 
purified polyclonal antibody. More preferably, the antibody is 
a monoclonal antibody (mAb). In addition, it is preferable for 
the anti-modulator antibody molecules used herein be in the 
form of Fab, Fab', F(ab') or F(v) portions of whole antibody 
molecules. 

In a preferred embodiment of the invention, antibodies will 
immunoprecipitate GLDC proteins from solution as well as 
react with GLDC protein on Western or immunoblots of 
polyacrylamide gels. In another preferred embodiment, anti 
bodies will detect GLDC proteins in paraffin or frozen tissue 
sections, using immunocytochemical techniques. 
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Preferred embodiments relating to methods for detecting 

GLDC include enzyme linked immunosorbent assays 
(ELISA), radioimmunoassays (RIA), immunoradiometric 
assays (IRMA) and immunoenzymatic assays (IEMA), 
including Sandwich assays using monoclonal and/or poly 
clonal antibodies. 
Small Molecule Therapies 

In other embodiments, the present invention provides small 
molecule inhibitors of GLDC expression or activity. Victorin 
a toxin secreted by the fungus Conchliobolus victoriae is 
Suspected to inhibit glycine decarboxylase in plants. Here we 
show that Victorin is able to inhibit GLDC expression and 
block or reduced tumour formation and cell proliferation. 
Accordingly, in Some embodiments, the present invention 
provides methods of treating cancer (e.g., metastatic cancer) 
using victorin or related compounds. 

Victorin is a peptide with an apparent molecular weight of 
about 796-814 and a composition CHONCls. Prefer 
ably Victorin has the structure of formula I: 

HO 

O 

HO-C-R 
Me 

CO COOH 
O 

Me NH Me NH 
H 

C O N 
HN O 

C HN O CHCI 
R2 O 

R91 OH 

Wherein R-OH and R=H 
Victorin may be isolated directly from Conchliobolus vic 

toriae grown in culture as known by those skilled in the art 
alternatively it may be synthesised from desglyovictorin= 
(NH2 Claleu-Ohlys-(oHleu-aClaa-victala), wherein 
Preferably victala has the structure of formula II: 

II 

2 3 

HOOC-CH-CH2 

In a preferred method of manufacture victorin can be 
regenerated from the nontoxic desglyovictorin and glyoxylic 
acid using an N-hydroxySuccinimide acylation method. To 
illustrate by example only where the amounts may vary pro 
portionally depending of the amount of victorin required: 140 
mg of N-hydroxy-succinimide and then 400 mg of dicylo 
hexylcarbodiimide are added to a solution of 88 mg of gly 
oxylic acid in 4 ml of dioxane, the solution left at room 
temperature for 1 hour and filtered. 0.1 ml of filtrate is added 
to a solution of 300 ug of desglyovictorin in 1 ml of potassium 
phosphate buffer pH 6 and left at room temperature for 1 hour. 
The reaction mixture is centrifuged and the Supernatant chro 
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matographed on a HPLC column (e.g. HPLC Cs column 
equilibrated with 10 mM. KHPO) and eluted with a 2 hour 
linear gradient of 0-20% acetonitrile in 10 mM. KHPO at a 
flow rate of 3 ml/min. The purified victorin may be desalted 
for example with a Cs sep-pak. 

Aminooxyacetate is a powerful inhibitor of both cytoplas 
mic and mitochondrial aspartate aminotransferase or of 
glutamate transaminases. It binds to GLDC and inhibits 
GLDC activity. (Aminooxy)acetate (AOA) has a CAS Num 
ber: 645-88-5 and a composition CHNO having the struc 
ture of formula III: 

III 

H sus nN.1 O 

H 

As described herein the term “Cancer refers to malignant 
neoplasm, or a group of cells that display uncontrolled divi 
sion and growth beyond the normal limits, i.e.: abnormal 
proliferation of cells, invasion, intrusion on and destruction of 
adjacent tissues, and sometimes metastasis where the cancer 
cells have spread to other locations in the body via lymph 
system or blood. Most cancers form a tumor but some, like 
leukemia, do not. For the purpose of the invention cancer 
refers to cells where GLDC expression has been upregulated. 
For example in cancer cells present in bone, lung, breast, 
gastric, colorectal, liver, prostate, cervical, brain, oral, 
esophagus, head and neck, lymphoma, leukemia, ovary, blad 
der, pancreatic, skin, sarcoma or any other cancers known to 
those skilled in the art. 
DNA Damaging Agents 
DNA damaging agents are any agents that can cause dam 

age to nucleic acids. Preferably DNA damaging agents are 
anticancer agents such as chemotherapy agents like, for 
example; Adriamycin (ADR), Etoposide (ETO, Nocodazole, 
cisplatin, platinum, carboplatin, gemcitabine, paclitaxel, doc 
etaxel, Vinorelbine, topotecan, or irinotecan; tyrosine kinase 
inhibitors (e.g., Axitinib, Bosutinib, Cediranib, Dasatinib, 
Erlotinib, Gefitinib, Imatinib, Lapatinib, Lastaurtinib, Nilo 
tinib, Semaxanib, Sunitinib, Vandetanib, Vatalanib or any other 
Suitable tyrosine kinase inhibitor); apoptosis inducing 
enzymes, for example TNF polypeptides, TRAIL (TRAIL 
R1, TRAIL R2) or FasL, Exisulind or other apoptosis induc 
ing enzymes; micro-RNA that initiates apoptosis; or other 
chemotherapy agents such as those commonly known to a 
person skilled in the art. Alternatively they may be anticancer 
treatments such as radiotherapy, chest radiotherapy, Surgical 
resection, the chemotherapy agents mentioned above or any 
combination of these. 

In one embodiment the chemotherapeutic agent comprises 
methotrexate. In another embodiment the chemotherapeutic 
agent comprises carboplatin. 
Compositions of the Invention 

compositions produced according to the invention can be 
administered for the treatment of cancer in the form of phar 
maceutical compositions. 

Thus, the present invention also relates to compositions 
including pharmaceutical compositions comprising a thera 
peutically effective amount of a compound that inhibits 
GLDC protein expression. As used herein a compound will be 
therapeutically effective if it is able to affect cancer growth 
either in vitro or in vivo. 
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Pharmaceutical forms of the invention suitable for inject 

able use include sterile aqueous solutions (where water 
soluble) or dispersions and sterile powders for the extempo 
raneous preparation of sterile injectable solutions and or one 
or more carrier. Alternatively, injectable solutions may be 
delivered encapsulated in liposomes to assist their transport 
across cell membrane. Alternatively or in addition Such 
preparations may contain constituents of self-assembling 
pore structures to facilitate transport across the cellular mem 
brane. It must be stable under the conditions of manufacture 
and storage and must be preserved against the contaminating/ 
destructive action of microorganisms such as, for example, 
bacteria and fungi. 
The carrier can be a solvent or dispersion medium contain 

ing, for example, water, ethanol, polyol (for example, glyc 
erol, propylene glycol and liquid polyethylene glycol, and the 
like), suitable mixtures thereof, and vegetable oils. The 
proper fluidity can be maintained, for example, by the use of 
a coating Such as, for example, lecithin, by the maintenance of 
the required particle size in the case of dispersion and by the 
use of surfactants. Preventing the action of microorganisms in 
the compositions of the invention is achieved by adding anti 
bacterial and/or antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thimerosal and the like. In 
many cases, it will be preferable to include isotonic agents, 
for example, Sugars or Sodium chloride. Prolonged absorp 
tion of the injectable compositions can be brought about by 
the use in the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating 
the active peptides in the required amount in the appropriate 
solvent with several of the other ingredients enumerated 
above, as required, followed by filtered sterilization. Gener 
ally, dispersions are prepared by incorporating the various 
sterilized active ingredient into a sterile vehicle which con 
tains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of ster 
ile powders for the preparation of sterile injectable solutions, 
the preferred methods of preparation are vacuum drying and 
freeze-drying, to yield a powder of the active ingredient plus 
any additional desired ingredient from previously sterile-fil 
tered solution thereof. 
When the active ingredients, in particular small molecules 

contemplated within the scope of the invention, are suitably 
protected they may be orally administered, for example, with 
an inert diluent or with an edible carrier, or it may be enclosed 
in hard or soft shell gelatin capsule, or it may be compressed 
into tablets, or it may be incorporated directly with the food of 
the diet. For oral therapeutic administration, the active com 
pound may be incorporated with excipients and used in the 
form of ingestible tablets, buccal tablets, troches, capsules, 
elixirs, Suspensions, syrups, wafers, and the like. Such com 
positions and preparations should contain at least 1% by 
weight of active compound. The percentage of the composi 
tions and preparations may, of course, be varied and may 
conveniently be between about 5 to about 80% of the weight 
of the unit. The amount of active molecules in such therapeu 
tically useful compositions is such that a suitable dosage will 
be obtained. Preferred compositions or preparations accord 
ing to the present invention are prepared so that a dosage unit 
form contains between about 0.1 g and 20 g of active com 
pound. 
The tablets, troches, pills, capsules and the like may also 

contain binding agents, such as, for example, gum, acacia, 
corn starch or gelatin. They may also contain an excipient, 
Such as, for example, dicalcium phosphate. They may also 
contain a disintegrating agent such as, for example, corn 
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starch, potato starch, alginic acid and the like. They may also 
contain a lubricant such as, for example, magnesium Stearate. 
They may also contain a Sweetening agent such a Sucrose, 
lactose or saccharin. They may also contain a flavouring agent 
Such as, for example, peppermint, oil of wintergreen, or 
cherry flavouring. 
When the dosage unit form is a capsule, it may contain, in 

addition to materials of the above type, a liquid carrier. 
Various other materials may be present as coatings or to 

otherwise modify the physical form of the dosage unit. For 
instance, tablets, pills, or capsules may be coated with shel 
lac, Sugar or both. A syrup or elixir may contain the active 
compound, Sucrose as a Sweetening agent, methyl and pro 
pylparaben as preservatives, a dye and flavouring Such as, for 
example, cherry or orange flavour. Of course, any material 
used in preparing any dosage unit form should be pharma 
ceutically pure and Substantially non-toxic in the amounts 
employed. In addition, the active compound(s) may be incor 
porated into Sustained-release preparations and formulations. 

Pharmaceutically acceptable carriers and/or diluents may 
also include any and all solvents, dispersion media, coatings, 
antibacterials and/or antifungals, isotonic and absorption 
delaying agents and the like. The use of Such media and 
agents for pharmaceutical active Substances is well known in 
the art. Except insofar as any conventional media or agent is 
incompatible with the active ingredient, use thereof in the 
therapeutic compositions is contemplated. 

It is especially advantageous to formulate parenteral com 
positions in dosage unit form for ease of administration and 
uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the 
mammalian Subjects to be treated, each unit containing a 
predetermined quantity of active material calculated to pro 
duce the desired therapeutic effect in association with the 
required pharmaceutical carrier. The dosage unit forms of the 
invention are dictated by and directly dependent on (a) the 
unique characteristics of the active material and the particular 
therapeutic effect to be achieved, and (b) the limitations 
inherent in the art of compounding Such an active material for 
the treatment of disease in living Subjects having a diseased 
condition in which bodily health is impaired as herein dis 
closed in detail. 
The principal active ingredient is compounded for conve 

nient and effective administration in effective amounts with a 
Suitable pharmaceutically acceptable carrier in dosage unit 
form. A unit dosage form can, for example, contain the prin 
cipal active compound in amounts ranging from 0.5 LS to 
about 2000 mg. Expressed in proportions, the active com 
pound is generally present in from about 0.5 pg to about 2000 
mg/ml of carrier. In the case of compositions containing 
Supplementary active ingredients, the dosages are determined 
by reference to the usual dose and manner of administration 
of the said ingredients. 
The compounds and compositions may be adapted to be 

administered to the lungs directly through the airways by 
inhalation. Compositions for administration by inhalation 
may take the form of inhalable powder compositions or liquid 
or powder sprays, and can be administrated in standard form 
using powder inhaler devices or aerosol dispensing devices. 
Such devices are well known. For administration by inhala 
tion, the powdered formulations typically comprise the active 
compound together with an inert Solid powdered diluents 
Such as lactose or starch. Inhalable dry powder compositions 
may be presented in capsules and cartridges of gelatin or a 
like material, or blisters of laminated aluminum foil for use in 
an inhaler or insufflators. Each capsule or cartridge may gen 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

30 
erally contain between 20 pg-10 mg of the active compound. 
Alternatively, the compound of the invention may be pre 
sented without excipients. 
The inhalable compositions may be packaged for unit dose 

or multi-dose delivery. For example, the compositions can be 
packaged for multi-dose delivery in a manner analogous to 
that described in GB 2242134, U.S. Pat. No. 6,632,666, U.S. 
Pat. No. 5,860,419, U.S. Pat. No. 5,873,360 and U.S. Pat. No. 
5,590,645 (all illustrating the “Diskus' device), or 
GB2178965, GB2129691, GB2169265, U.S. Pat. No. 4,778, 
054, U.S. Pat. No. 4,811,731 and U.S. Pat. No. 5,035,237 
(which illustrate the “Diskhaler” device), or EP 69715 (“Tur 
buhaler” device), or GB2064336 and U.S. Pat. No. 4,353,656 
(“Rotahaler” device). 

Spray compositions for topical delivery to the lung by 
inhalation may beformulated as aqueous solutions or Suspen 
sions or as aerosols delivered from pressurised packs, such as 
a metered dose inhaler (MDI), with the use of a suitable 
liquefied propellant. The medication in pressurized MDI is 
most commonly stored in Solution in a pressurized canister 
that contains a propellant, although it may also be a Suspen 
S1O. 

Aerosol compositions Suitable for inhalation can be pre 
sented either as Suspensions or as Solutions and typically 
contain the active compound and a Suitable propellant Such as 
a fluorocarbon or hydrogen-containing chlorofluorocarbon or 
mixtures thereof, particularly hydrofluoroalkanes such as 
dichlorodifluoromethane, trichlorofluoromethane, dichlo 
rotetrafluoroethane, and especially 1,1,1,2-tetrafluoroethane, 
1.1.1.2.3.3.3-heptafluoro-n-propane and mixtures thereof. 
The aerosol composition may optionally contain addi 

tional excipients typically associated with such composi 
tions, for example Surfactants such as oleic acid or lecithin 
and co-solvents such as ethanol. Pressurized formulations 
will generally be contained within a canister (for example an 
aluminum canister) closed with a metering valve and fitted 
into an actuator provided with a mouthpiece. 

Peptides can also be delivered by protein delivery methods 
known in the art Such as transfection, macromolecule delivery 
vehicles and other methods known to those skilled in the art. 
The compositions may be for use in treating cancer. Use 

includes use of a composition of the invention for the prepa 
ration of a medicament or a pharmaceutically acceptable 
composition for the treatment of cancer. The preparation may 
further comprise a chemotherapeutic agent for the prepara 
tion of a medicament for the treatment of cancer. 
Method for Treating a Patient with Cancer 
On the basis of the above, the present invention provides a 

method for treating a patient with cancer, which comprises 
the step of contacting the cells within and around a cancer 
with a composition as described above. Desirably, the GLDC 
inhibitor is provided in a therapeutically effective amount. 
An alternative form of the present invention resides in the 

use of the composition in the manufacture of a medicament 
for treating a patient with cancer preferably a medicament 
used in treatment to affect cells over expressing GLDC. 

“Treatment” and “treat' and synonyms thereof refer to 
both therapeutic treatment and prophylactic or preventative 
measures, wherein the object is to prevent or slow down 
(lessen) a cancer condition. Those in need of Such treatment 
include those already diagnosed with cancer or having cells 
over expressing GLDC. 
As used herein a “therapeutically effective amount of a 

compound will be an amount of active peptide, siRNA, anti 
body, molecule Such as victorin or (aminooxy) acetate or any 
GLDC inhibitor that is capable of preventing or at least slow 
ing down (lessening) a cancer condition, in particular increas 
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ing the average 5 year Survival rate of cancer patients. Dos 
ages and administration of an antagonist of the invention in a 
pharmaceutical composition may be determined by one of 
ordinary skill in the art of clinical pharmacology or pharma 
cokinetics. See, for example, Mordenti and Rescigno, (1992) 
Pharmaceutical Research, 9:17-25: Morenti et al., (1991) 
Pharmaceutical Research, 8:1351-1359; and Mordenti and 
Chappell, “The use of interspecies scaling intoxicokinetics' 
in Toxicokinetics and New Drug Development, Yacobi et al. 
(eds) (Pergamon Press: NY, 1989), pp. 42-96. An effective 
amount of the peptide to be employed therapeutically will 
depend, for example, upon the therapeutic objectives, the 
route of administration, and the condition of the mammal. 
Accordingly, it will be necessary for the therapist to titer the 
dosage and modify the route of administration as required to 
obtain the optimal therapeutic effect. A typical daily dosage 
might range from about 10 ng/kg to up to 100 mg/kg of the 
mammal’s body weight or more per day, preferably about 1 
g/kg/day to 10 mg/kg/day. 
Screening for Antagonists to Lung Cancer Stem Cells 

Consistent with the invention there is provided a means for 
screening for cancer antagonists that inhibit GLDC expres 
sion in cells comprising the steps of: (a) detecting the expres 
sion profile of GLDC in cancer cells (b) contacting a test 
compound on the cancer cells and (c) detecting the expression 
profile of GLDC in cancer cells that were exposed to test 
compound (d) comparing the expression profile of GLDC in 
the cells before they were exposed to the test compound to the 
expression profile of GLDC in cancer cells that were exposed 
to test compound whereby a decrease in the level of GLDC 
expression after exposure to the test compound indicates the 
test compound may be a cancer antagonist suitable for treat 
ing cancer. 

Screening assays for antagonist drug candidates are 
designed to identify compounds that inhibit GLDC expres 
sion in a cell or reduce cell proliferation in a group of cells. 
Such screening assays will include assays amenable to high 
throughput Screening of chemical libraries, making them par 
ticularly Suitable for identifying Small molecule drug candi 
dates. 
The assays can be performed in a variety of formats, 

including protein binding assays, biochemical Screening 
assays, immunoassays, and cell-based assays, which are well 
characterized in the art. Such assays for antagonists are com 
mon in that they call for contacting test compound with a 
cancer, tumour or cell line for a time sufficient to allow these 
components to interact; and detecting whether the test com 
pound exhibits an antagonistic activity Such as reducing the 
size of the tumour or arresting the growth of the tumour or 
arresting proliferation within the cell line. Similarly the 
antagonist may reduce the metastatic potential of a group of 
cancer cells or reduce the migratory response of the group of 
cancer cells. 
Compounds can be tested as follows: a tumour cell line is 

seeded onto feeder plates to grow colonies. Alternatively a 
tumour is initiated in a test animal Such as an immunodefi 
cient mouse by injecting a population of cancer cells into the 
test animal. A reaction mixture is prepared containing the test 
compound. The reaction mixture is contacted with the tumour 
cell line or injected into the tumour of the test animal for a 
time allowing for the interaction and binding of the products. 
To test the ability of a candidate compound to inhibit binding, 
the reaction is run in the absence and in the presence of the test 
compound. In addition, a placebo may be added to a third 
reaction mixture, to serve as a further control. The effect of 
the test compound present in the mixture is monitored as 
described hereinabove. The arrest or reduction of the colony 
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growth or the arrest or reduction of the tumour growth in the 
test animal but not in the reaction mixture without the test 
compound with or without the placebo indicates that the test 
compound interferes with the cancer cells. The test com 
pound exhibits an antagonistic activity if it reduced the 
expression profile of the GLDC polypeptide, or reduces or 
arrests proliferation of the group of cancer cells, or induces a 
rate of apoptosis to 10% or more in the group of cancer cells 
(10% being above the homeostatic rate of apoptosis) or 
reduce the metastatic potential of a group of cancer cells or 
reduce the migratory response of the group of cancer cells. 
Methods of creating lung cancer stem cell lines are 

described in WO 2010/126452 the entire contents of which 
are incorporated by reference. 
The screening method may comprise forming a tumour 

either in vitro, in or on a cultured Substrate or in vivo. Such as 
by injecting cancer inducing cells into an immunodeficient 
mouse or other Suitable test animal to induce tumour forma 
tion. The resulting tumour is contacted with a test compound 
and observed for antagonistic activity. A test compound 
exhibits an antagonistic activity in this embodiment if it 
reduces the size of the tumour or arrests the growth of the 
tumour. 

Potential antagonists include small molecules that inhibit 
GLDC expression, thereby blocking the normal biological 
activity of the cell such as glycine metabolism. Examples of 
Small molecules include, but are not limited to, Small peptides 
or peptide-like molecules, preferably soluble peptides, and 
synthetic non-peptidyl organic or inorganic compounds, 
small interfering RNAs, derivative or isoforms of victorin. 

These small molecules can be identified by any one or more 
of the screening assays discussed hereinabove and/or by any 
other screening techniques well known for those skilled in the 
art. 

The present invention also relates to compounds identified 
by the above method and their use in treating lung cancer in a 
patient. 
Diagnosis 
A further aspect of the invention comprises a method of 

predicting the effectiveness of a compound of the invention 
comprising the step of determining a first expression profile 
of GLDC in a subject who is not suspected to have cancer; 
determining a second expression profile of GLDC in a subject 
who is suspected to have cancer and comparing the first and 
second expression profile whereby when the second expres 
sion profile is greater by 1.5 to 16 fold more than the first 
expression profile or preferably 2 to 8 fold more than the 
subject who is suspected to have cancer will benefit from 
treatment with the compound of the invention. 
The expression of GLDC increases with increased tumor 

orgenisis. There is a 1.5 to 20 foldamplification of the amount 
of GLDC in a cancer sample relative to the amount of GLDC 
in a control sample isolated from normal non-cancerous cells. 
Consequently, establishing the status of the amount of GLDC 
of an individual with possible breast cancer may be a useful 
diagnostic and/or prognostic tool. 

Diagnostic and prognostic methods will generally be con 
ducted using a biological sample obtained from a patient. A 
“sample” refers to a sample of tissue or fluid suspected of 
containing an analyte polypeptide from an individual includ 
ing, but not limited to, e.g., plasma, serum, spinal fluid, lymph 
fluid, the external sections of the skin, respiratory, intestinal, 
and genitourinary tracts, tears, saliva, blood cells, organs, 
tissue including breast tissue and samples of in vitro cell 
culture constituents. 

According to the diagnostic and prognostic methods of the 
present invention, alteration of the GLDC sequence expres 
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sion taken from a cell or tissue Suspected to be tumorigenic 
when compared to the GLDC sequence expression taken 
from a normal, non-cancerous cell or tissue may be detected 
using anyone of the methods described herein. In addition, the 
diagnostic and prognostic methods can be performed to 
detect the GLDC sequence expression and confirm the pres 
ence of a cancer or a predisposition to cancer. An increase of 
the GLDC sequence expression above that of a is indicative of 
the presence of a cancer or a predisposition to cancer. 

The method may further comprising the steps of detecting 
measuring an amount of LIN28B nucleic acid or polypeptide 
in the cell isolated from tissue Suspected of being cancerous; 
Comparing the amount of LIN28B nucleic acid or polypep 
tide present in the cell to the amount of LIN28B nucleic acid 
or polypeptide in a sample isolated from normal, a non 
cancerous cell, wherein an amplified amount of LIN28B 
nucleic acid or polypeptide in the cell relative to the amount 
of LIN28B nucleic acid or polypeptide in the non-cancerous 
cell indicates cancer is present in the cell; and wherein the 
absence of an amplified amount of LIN28B nucleic acid or 
polypeptide in the cell relative to the amount of LIN28B 
nucleic acid or polypeptide in the non-cancerous cell indi 
cates there is no cancer present in the cell. 
A further step of isolating lung cancer Stem cells prior to 

determining the expression profile of GLDC in a cell or a 
Subject who is Suspected to be cancerous or have cancer may 
advance early detection possibly making treatment even more 
effective. Many studies have shown that early detection 
increases Survival rates in patients. A method of isolating and 
enriching lung cancer stem cells is described in WO 2010/ 
126452 the entire content of which is incorporated by refer 
CCC. 

The method of detecting GLDC and or LIN28B may 
include an ELISA assay, immunohistochemical methods, 
microarray analysis or any other method known in the art. 
Detection Kits 

Detection kits may contain a reagent capable of binding 
selectively a GLDC polypeptide or nucleic acid. In one 
embodiment the reagent is an antibody capable of binding 
selectively a GLDC polypeptide. In another embodiment the 
reagent is a primer or a probe capable of binding selectively a 
GLDC nucleic acid. The kit may further contain amplification 
systems, detection reagents (chromogen, fluorophore, etc), an 
enzyme capable of breaking down the natural extracellular 
matrix of the tissue to dissociate the cells (e.g., Trypsin, 
Elastase, Collagenase type 1 or 2, Protease, Pronase or any 
other Suitable enzyme), dilution buffers, washing Solutions, 
mounting solutions, counter stains or any combination 
thereof. Kit components may be packaged for either manual 
or partially or wholly automated practice of the foregoing 
methods. In other embodiments involving kits, this invention 
contemplates a kit including compositions of the present 
invention, and optionally instructions for their use. Such kits 
may have a variety of uses, including, for example, imaging, 
Stratifying patient populations, diagnosis, prognosis, guiding 
therapeutic treatment decisions, and other applications. 

Detection kits may further comprise magnetic beads such 
as dyna-beads or militany beads or fluorophores for cell sort 
ing techniques such as MACS or FACS and or secondary 
antibodies for extraction of cells with an existing antibody 
antigen complex. 
The detection kit may include a reagent Such as an antibody 

capable of binding selectively a GLDC polypeptide which 
comprises a sequence capable of binding selectively a 
sequence set out in SEQID No. 2, or the reagent may include 
a polynucleotide or a primer and a probe capable of binding 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

34 
selectively a GLDC polynucleotide. Preferably the poly 
nucleotide is an mRNA allowing GLDC expression profiling 
of cells in vitro. 
The detection kit may further comprise a CD166 antibody 

for enriching or isolating lung cancer stem cells. The CD166 
antibody for isolating and enriching lung cancer stem cells is 
described in WO 2010/126452 the entire content of which is 
incorporated by reference. 

EXAMPLES OF SPECIFIC EMBODIMENTS 

Here we show that glycine metabolism and the metabolic 
enzyme glycine decarboxylase (GLDC) drives TICs and tum 
origenesis in non-small cell lung cancer (NSCLC). Using 
CD166 as a surface marker and NOD/SCID I12ry mice as 
Xenotransplantation recipients, we isolated lung TICs from a 
broad range of primary NSCLC tumors (stage I-III). Primary 
lung TICs express high levels of LIN28B, GLDC, and many 
other glycine/serine metabolism enzymes. Both LIN28B and 
GLDC were required for lung TIC proliferation and tumor 
growth. Overexpression of GLDC alone, and other glycine/ 
serine enzymes, promotes cellular transformation both in 
vitro and in vivo. Metabolomic analysis shows that GLDC 
overexpression induces dramatic changes in glycolysis and 
glycine metabolism, leading to changes in pyrimidine 
metabolism for cancer cell proliferation. In human patients, 
aberrant upregulation of GLDC is significantly associated 
with higher mortality from lung cancer, and aberrant GLDC 
expression is observed in multiple cancer types. Our findings 
establish a link between glycine metabolism and tumorigen 
esis, and may provide novel targets for advancing anti-cancer 
therapy. 
Tumor Initiating Cell-State in Lung Cancer 
Our work sheds new light on the nature of the tumor initi 

ating cell-state and the role of metabolic reprogramming in 
tumorigenesis. In this study, we isolated a subpopulation of 
tumorinitiating cells from non-small cell lung cancer patients 
using the marker CD166, and showed that both the oncogenic 
stem cell factor LIN28B and the glycine metabolism enzyme 
GLDC drive the tumorigenicity of lung cancer tumor initiat 
ing cells. 
Our data showed that CD166 enriched for TICs in primary 

NSCLC, and that CD166 served as an inert surface marker. In 
contrast, our results on CD133 are different from the results 
reported earlier even though both studies used the same 
CD133 antibody. This is most likely due to differences in the 
Xenotransplantation assays, which tend to underestimate the 
true frequency of TICs. We employed a more sensitive mouse 
xenotransplantation assay using NOD/SCID I12ry mice 
instead of SCID mice, and we directly transplanted primary 
tumor cells with Matrigel instead of expanding the tumor 
cells in vitro. Previous studies have demonstrated that using a 
more sensitive mouse Xenotransplantation assay dramatically 
improves our understanding of TICs. Our present study Sup 
ports this notion, leading us to CD166 as a new marker for the 
lung TIC-containing fraction. In normal physiology, CD166 
is expressed predominantly during embryonic development, 
including the embryonic upper airway, primitive cardiac cells 
and mesenchymal stem cells. Expression of CD166 in the 
embryonic lung is consistent with our observation that 
CD166" lung TICs express high levels of embryonic lung 
transcription factors like PEA3 and the trachealess homolog 
NPAS1, as well as the oncogenic stem cell factor LIN28B. 
Interestingly, mouse Lin28 is also expressed in the embryonic 
lung during normal development (Yang and Moss, 2003). 
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These observations suggest that the TIC-state in lung cancer 
is similar to the embryonic lung progenitor—state in many 
aspects. 

Glycine Decarboxylase GLDC is a Metabolic Oncogene 
Our results demonstrate that multiple components in the 

glycine?serine pathway are also oncogenes. In addition to 
embryonic lung factors, lung TICs also express high levels of 
GLDC, GCAT, SHMT1/2, PSPH, and PSAT1, suggesting 
that TICs rely on glycine/serine metabolism for tumorigen 
esis. Overexpression of catalytically active GLDC, as well as 
PSAT1, PSPH and SHMT2, could induce cellular transfor 
mation in 3T3 cells to form tumors, whereas retroviral knock 
down of GLDC significantly reduced the tumorigenicity of 
lung cancer cells. We further observed that GLDC cells 
mostly form a subset of CD166" cells in lung tumors. 
PSAT1, PSPH, and SHMT1/2 lieupstream of GLDC in the 

glycine?serine pathway, diverting glycolytic flux from 
3-phosphoglycerate through serine to glycine. GLDC is an 
oxidoreductase that catalyzes the irreversible rate-limiting 
step of glycine catabolism, by breaking down each glycine 
molecule in the glycine cleavage system to produce NADH, 
CO, NH and CH-THF. CH-THF fuels the one-carbon/ 
folate metabolism pool, which in turn Supplies methylene 
groups for biosynthesis. Consistent with these facts, we found 
that GLDC regulates many metabolites in glycolysis and the 
glycine?serine pathway, leading to specific changes in pyri 
midine synthesis. Pyrimidine derivatives like thymidine, in 
turn, are required for nucleotide synthesis in cell prolifera 
tion. Recent studies Suggest that early oncogenesis involves 
aberrant activation of cell proliferation, which then leads to a 
crisis of nucleotide deficiency and replication stress a crisis 
that GLDC upregulation could overcome for continued pro 
gression in tumorigenesis. Interestingly we found that GLDC 
also increases the levels of N-methylglycine or sarcosine, an 
oncometabolite implicated in prostate cancer. Furthermore 
we observed that GLDC promotes glycolysis. Combined 
with our findings on LIN28, which has been shown to pro 
mote glucose uptake and glycolysis, GLDC might be coop 
erating with LIN28 as well as PSAT1, PSPH and SHMT1/2 to 
divert the glycolytic flux to glycine and produce CH-THF. 
These observations support the notion that the Warburg effect 
promotes biosynthesis for tumorigenesis. 
GLDC and Glycine Metabolism are Relevant to Human 

Cancer Patients 
From the prognostic perspective, aberrant GLDC expres 

sion is significantly correlated with the survival rates of 
NSCLC patients. This is consistent with the model that TIC 
clones expand to constitute the bulk of the tumor in advanced 
stages of malignancy. Aberrantly increased GLDC is also 
widespread in many other human cancers, including lym 
phoma, ovarian, germ cell, cervical, prostate, bladder and 
colon cancer, while most normal adult human tissues express 
very low levels of GLDC. Our experimental data further 
Suggests that in cancers which rely on GLDC and glycine 
metabolism, the highly toxic anti-folate drug methotrexate 
might be initially effective because it targets TICs, although 
our data Suggest an even more effective chemotherapy could 
be potentially achieved by combining an anti-folate drug with 
a GLDC inhibitor or by searching for a glycine cleavage 
complex-specific anti-folate drug much like the search for 
kinase-specific inhibitors in targeted cancer therapy. 
Our study is the first to link a glycine metabolism enzyme 

to lung cancer and tumorigenesis. Regardless of the contro 
versy over the frequency of TICs at different stages of malig 
nancy, our approach shows that characterizing the unique 
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molecular basis that defines cancer cells with tumorigenic 
capacity may nevertheless provide novel drug targets for 
advancing cancer therapy. 

Experimental Procedures 
Tumor Cell Preparation 
NSCLC tumors were collected from patients according to 

protocols approved by the Ethics Committee of National 
University of Singapore. Samples were washed, dissociated, 
and incubated in DNASe and collagenase/dispase. See 
Extended Experimental Protocols for more details. Surgical 
samples were collected from consenting patients at the 
National University Hospital of Singapore, Singapore Gen 
eral Hospital, and Tan Tock Seng Hospital according to 
human Subject research protocols approved by the Ethics 
Committee of National University of Singapore. All patients 
were first diagnosed with primary NSCLC and did not show 
other tumor occurrences. Patients also did not receive any 
chemotherapy or radiotherapy before Surgery. Samples were 
shipped to laboratory in cold phosphate buffer saline (PBS) 
with antibiotics (Sigma-Aldrich, St. Louis, Mo.) within one 
hour of removal from patients. Samples were washed with 
cold PBS with antibiotics three times, chopped with a sterile 
blade, and incubated in 0.001% DNAse (Sigma-Aldrich, St. 
Louis, Mo.), 1 mg/ml collagenase/dispase (Roche, India 
napolis, Ind.), 200 U/ml penicillin, 200 ug/ml streptomycin, 
0.5ug/ml amphotericin B (2% antibiotics, Sigma) in DMEM/ 
F12 medium (GIBCO, GrandIsland, N.Y.) at 37° C. water 
bath for 3 hours with intermittent shaking. After incubation, 
the Suspensions were repeatedly triturated, passed through 70 
um and 40 um cell-strainers (BD Falcon, San Jose, Calif.), 
and centrifuged at 800 rpm for 5 min at 4° C. Cells were 
resuspended in red blood cell lysis buffer (eBioscience, San 
Diego, Calif.) for 4 minat room temperature with intermittent 
shaking, before resuspension in DMEM/10% FBS medium. 
After lysis, cell viability was evaluated by trypan blue dye 
exclusion. Live single cells account for 90% of the whole 
population and dead cells account for less than 10%. Each 
tumor sample yields ~1x10' to 3x10° cells, depending on the 
sample size. 
FACS 
Single cells were incubated with FcR Blocking Reagent 

(Miltenyi) in ice for 20 min, labelled with antibodies against 
CD166, CD133, CD44, EpCAM, and the lineage markers 
(human CD45/CD31 for patient tumors, and mouse H-2K"/ 
CD45 for xenografts). 7-amino-actinomycin D (BD Pharm 
inGen) was added to exclude dead cells. Appropriate isotype 
antibodies were used as controls. 
H&E, Immunohistochemistry and Immunofluorescence 
Samples were formalin-fixed, paraffin-embedded, sec 

tioned and stained with haematoxylin-eosin (H&E) accord 
ing to standard histopathological techniques. For immunohis 
tochemistry, sections were incubated with antihuman CD166 
(Novaocastra), anti-pan-CK (DakoCytomation), anti-human 
GLDC (Sigma), E-cadherin (Dako), smooth muscle actin 
(Dako), synaptophysin (Dako), Vimentin (Dako) or anti-hu 
man LIN28B (Abgent) and visualized using the Envision 
HRP Polymer System (Dako). For immunofluorescence, sec 
tions were incubated with mouse anti-CD166 (R&D), 
washed, then incubated with antimouse IgG Alexa Fluor 568 
(Invitrogen). All images were captured on a Zeiss LSM 510 
meta confocal laser scanning microscope. 

Cell Culture 
Mouse embryonic fibroblasts (NIH/3T3, ATCC) and nor 

mal human adult lung fibroblasts (HLF) were cultured in 
DMEM/10% FBS/glutamine. Human lung cancer cell line 
(A549) was maintained in DMEM/10% FBS. Human colon 
cancer cell line (CACO2) was cultured under DMEM/20% 
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FBS/non-essential amino acid. Normal human bronchial/tra 
cheal epithelial Cells (NHBE) and small airway epithelial 
cells (SAEC) (Clonetics) were cultured in basal medium con 
taining BSA, BPE, hydrocortisone, hEGF, epinephrine, 
transferrin, insulin, retinoic acid, triiodothyronine, GA-1000. 
Normal breast epithelial cells (MCF 10A, ATCC) was cul 
tured in MEGM containing MEBM plus BPE, hydrocorti 
sone, EGF, insulin, cholera toxin and GA-1000. 
Tumor Sphere Assay 
Single-cell suspensions (10,000 cells/well) were plated in 

6-well ultra-low attachment (Corning) or non-treated cell 
culture plates (Nunc) in DMEM/F 12 medium containing 2 
mM L-glutamine, 15 mM HEPES, 1 mg/ml NaHCO, 0.6% 
Glucose, 1% NEAA, 4 mg/ml BSA (Sigma), ITS (0.05 mg/ml 
insulin/transferrin/selenous acid, BD Biosciences), 1% anti 
biotics (Sigma), 50 ng/ml EGF and 20 ng/mlbFGF (Invitro 
gen). Fresh medium was replenished every 3 days. Tumor 
spheres were cultured for 10-14 days and then quantified. For 
passaging, tumor spheres were digested by accutase (Chemi 
con) into single cells and re-plated into the above plates. 
cDNA Microarray Analysis 
Total RNA was extracted by Trizol (Invitrogen) and puri 

fied by RNeasy Mini Kit (QIAGEN). Lung primary tumors (1 
patient), tumor Xenografts (3 patients), tumor spheres (4 
patients) and normal human adult lung tissues (3 patients) 
were used. RNA was processed and hybridized to Human 
Ref-8 v3.0 Beadarrays (Illumina), and the microarray data 
was normalized and analysed as described previously (Chua, 
S.W., Vijayakumar, P., Nissom, P. M., Yam, C.Y., Wong, V.V. 
T., and Yang, H. (2006). A novel normalization method for 
effective removal of systematic variation in microarray data. 
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Nucleic Acids Research 34, e38). A fold change cut-off 
threshold of 1.5 was applied to generate the lung TIC gene 
signature after four comparisons: primary tumor CD166" vs. 
CD166 (P"/P), xenograft tumor CD166" vs. CD166 (X"/ 
X), spheres vs. Xenograft tumor CD166" (S/X'), and normal 
lung CD166" vs. CD166 (N"/N). After intersecting the 
differentially expressed genes (DEGs) of P/P, X"/X, S/X" 
and excluding DEGs intersecting with N'/N, DAVID Bio 
informatics Resources 6.7 was applied for KEGG pathway 
analysis of the final list of DEGs (Huang et al., 2009). 
Gene Knockdown and Overexpression 
All shRNAs construct in retroviral vector (pGFP-V-RS) 

were obtained from Origene, and sequences may be found in 
Table 8. 1.5ug of shRNA construct and 4.5 ul of TurboFectin 
8.0 (Origene) were used for transfection. LIN28B shRNA 
lentiviral particles (TRCN0000122599) and control lentivi 
rus (SHC002V) were purchased from Sigma. Cells were 
transduced with equal amounts of lentivirus/retrovirus, and 
selected in puromycin. 4 different shRNAs were used for 
knockdown of each gene to control for non-specificity. 
Human cDNA clones GLDC (RG211292), LIN28B 
(RG213537), PSPH (RG209090), PSAT1 (RG202475), 
SHMT1 (RG203461), SHMT2 (RG204239) and GCAT 
(RG204870) and were obtained from Origene. 0.8 ug of 
cDNA clone and 2.4 ul of TurboFectin 8.0 were used for 
transfection, and cells were selected in neomycin. We sub 
cloned human GLDC, LIN28B cDNA into pBabe. Puro ret 
roviral vectors.pMN vector and plasmids (oncogenic KRAS 
G12D, PI3K-E545K, MYC, MYC-T58A) were provided by 
Q.Y. mRNA expression changes were quantitated by qPCR 
using TaqMan probes (Invitrogen). 

TABLE 8 

shRNA and primer sequences 

SEQ 
ID NO. 

71. 

72 

73 

74 

76 

77 

78 

14 

15 

16 

17 

18 

Target 
gene 

GLDC 

LIN28B 

ALCAM 

Control 

Catalog 
C. 

S hRNA sequences 

hRNA1: 

AGCTGTTGTCCAGACTCGAGCCAAATAT, 
RNA2: 

TCAATCCGCTGAAGATGTCTCCACACT 
RNA3: 

GAGAGTTTACTCAACTACCAGACCATG.; 
RNA4 : 
CACTAAAGCGGAATGAGGATGCCTGTC 

Origene 
TG312759 

RNA1: 

CGGTCAGGCAGGTCACCTCAAGAAGCT; 
RNA2: 

CACTGTAAGTGGTTCAATGTGCGCATG.; 
RNA3: 

AAGTGCCATTACTGTCAGAGCATCATG.; 
RNA4 : 
CATCACCACCGTTTCCTCAGGAGGCTA 

S Origene 
TG311724 

RNA1: 

GCAGTTCATTCTACCAAGCTGTCACAGG; 
GGTGTTCAAGCAACCAATCTAAACCTGA; 
RNA2: 

GGTGTTCAAGCAACCATCTAAACCTGA; 
RNA3: 

ACTATCCTACAGAGCAGGTGACAATAC, 
RNA4 : 

GAAGCATGAACGTGGATTGTATTTAAGAC 

Origene 
TG314848 

: 
scrambled control shRNA: 

GCACTACCAGAGCTAACTCAGATAGTACT 

Origene 
TR3 OO13 
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TABLE 8- continued 

40 

shRNA and primer sequences 

SEQ Target Catalog 
ID NO. gene C. 

19 LIN28B SHCLNW: Sigma 
CCGGGCCTTGAGTCAATAC TRCNOOOO 
GGGTAACTCGAGTTACCCGTATTGACTC 122599 
AAGGCTTTTTTG 

2O Control control SHCLNW: SHCOO2W 
CCGGCAACAAGATGAAGAGCACCAACTCGA 
GTTGGTGCTCTTCATCTTGTTGTTTTT 
Primer sequence 

21 GLDC CCAGACACGACGACTTCGC (hs 1 F) 
22 CAATTCATCAATGCTCGCCAG (hs 1 R) 
23 ATTTCTCGTTGATCCCCGTTG (hs 2 F) 
24 CACAGGGTAACTTCAGCTCAG (hs 2 R) 
25 CAGGGTCAATCCGCTGAAGATG (hs 3 F) 
26 TGCTGCCACCTCTCTGGAATAAG (hs 3 R) 
27 AACCAGGGAGCAACACATTCGG (hs 4 F) 
28 ATATTCGCCAAGAGGGCCTGAG (hs 4 R) 

29 PSPH GAGGACGCGGTGTCAGAAAT (his 1 F) 
3 O GGTTGCTCTGCTATGAGTCTCT (hs 1 R) 
31 GCATAAGGGAGCTGGTAAGTCG (hs 2 F) 
32 ACCTGCATATTCACCGTTAAAGT (hs 2 R) 
33 TCATGATTGGAGATGGTGCCACAG (hs 3 F) 
34 CAATGAAAGCATCAGCAGGAGGAC (hs 3 R) 
35 ACGGTGAATATGCAGGTTTTGA (his 4 F) 
36 GTTATCCTTGACTTGTTGCCTGA (hs 4 R) 

37 PSAT1 TGCCGCACTCAGTGTTGTTAG (hs 1 F) 
38 GCAATTCCCGCACAAGATTCT (hs 1 R) 
39 TCTACGTCATGGGCTTGGTTCTG (hs 2 F) 
4 O GCTCCACTGGACAAACGTAGAATC (hs 2 R) 
41 CAGTGGATGTTTCCAAGTTTGGTG (hs 3 F) 
42 CCTGCACCTTGTATTCCAGGAC (hs 3 R) 
43 AGCAGGAAGGTGTGCTGACTA (hs 4 F) 
44 CGGCCTTAGCTGACCAAGC (hs 4 R) 

45 SHMT1 AAATCTCTGCCACGTCCATCTTC (hs 1 F) 
46 AGCCAGTATCTGGGTTCACCTTG (hs 1 R) 
47 CGAAGCTGATCATCGCAGGAAC (hs 2 F) 
48 TCTCATCTGCAATCTTCCGTAGCC (hs 2 R) 
49 CTGGCACAACCCCTCAAAGA (hs 3 F) 
SO CTCTGCCGGTTACTCTCCTTC (hs 3 R) 
51 CAGCCGAGCAGTTTTGGAG (hs 4 F) 
52 GTCCCGCCATAGTATCTCTGG (hs 4 R) 

53 SHMT2 CTTCTGCAACCTCACGACC (hs 1 F) 
54 TGAGCTTATAGGGCATAGACTCG (hs 1 R) 
55 CTTAGAGGTGAAGAGCAAGACTGC (hs 2 F) 
56 AGACGCTGACTTGTTTCTGAGTCC (hs 2 R) 

f ACTACAACCAGCTGGCACTGAC (hs 3 F) 
58 TGCTTTGACTTCATCACACACCTC (hs 3 R) 
59 GACTACGCCCGCATGAGAG (hs 4 F) 
6 O AGCAGGTGTGCTTTGACTTCA (hs 4 R) 

61 GCAT GGCCGACCTAGAAGCCAAG (hs 1 F) 
62 GTGCGATGTCGCCATCCAT (hs 1 R) 
63 CGCTTTATCTGTGGAACCCAGAGC (hs 2 F) 
64 AACAGCTGGGATAGAGGATGGC (hs 2 R) 
65 AAGGCCCTAGATCTGCTGATGG (hs 3 F) 
66 GCTTCCATCTTACTACGGAACCTC (hs 3 R) 
67 CCTCAGCTCTGTCCGCTTTAT (hs 4 F) 
68 GGATGCCGTCGATGATGGAG (hs 4 R) 

Cell Proliferation Assay 
To assess cellular proliferation, cells were seeded in tripli 

cate in 6-well plates and were counted using a hematocytom 
eter and trypan blue staining to exclude dead cells. 

Adherent Colony Formation Assay 
Adherent colony formation was performed by seeding 

200-3000 single cells into 10 cm-culture dish and maintained 
for 10-14 days in DMEM/10% FBS. Colonies were stained 

60 

65 

by Wright-Giemsa and those colonies containing more than 
50 cells were counted. For methotrexate (Sigma) treatment 
assay, cells were maintained in growth medium containing 
serial dilution of methotrexate (0, 0.1, 0.2,0.5, 1, 2, 5, 10, 20 
uM) and fresh medium were changed every 3 days. 

Soft Agar Colony Formation Assay 
Soft agar assays were conducted as described previously 

(Viswanathan et al., 2009). We stained colonies with 1% INT 
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and counted them after 3-4 weeks of growth. For sarcosine 
rescue experiment, 10 uM of sarcosine (sigma) or PBS were 
added to top cells layer of agar and growth medium contain 
ing sarcosine were changed every 3 days before counting 
colonies. 

Lactate Assay 
Cells were plated at density of 7x10 per 10-cm culture 

dish with complete growth medium 12hrs before assay. Then 
the cells was washed and changed by fresh DMEM/1% FBS. 
The Supernatants were collected following medium changing 
at sequential time point (0, 1, 2, 4, 8, 24 hr) and quick-frozen 
into liquid nitrogen. Then lactate assay was performed 
according to manufacturers instruction (BioVision) and O.D. 
570 was measured in a microplate reader. 

Metabolomics 
Metabolites were extracted by centrifugation of culture 

media at 14000 rpm for 30 min at 4° C. Supernatants were 
treated through Water's Oasis 1 cc HLB cartages following 
manufacturer instructions to remove all protein and lipid con 
tamination. Metabolomic profiling was performed through 
UPLC/MS to ion suppression, using Agilent 1200RRLC and 
Agilent 6530 Accurate Mass QTOF. Three microliters of each 
sample was chromatographed on a Zorbax Eclipse Plus-C18 
column (100 mmx2.1 mm, 1.8 um) using an Agilent 1200 
RRLC system. Flow rate was maintained at 0.4 ml/min in a 
15-min run with a gradient mobile phase: A) 0.1% FA in 
water; B) 0.1% FA in ACN (t=0-0.5 min, B=10%; t—0.5-9 
min, B=95%; t—9-12 min, B=95%; t—12-12.1 min, B=10%). 
The column was reconditioned back to normal condition for 
next injection. To avoid any carry over from previous injec 
tion, blank was injected before all biological replicates. The 
eluent was introduced directly into the mass spectrometer by 
electrospray, during the whole period of injection samples 
were maintained at 10°C. Mass spectrometry was performed 
on an Agilent 6530 Accurate Mass Q-TOF mass spectrometer 
operating in positive ion mode with 2GHZ extended dynamic 
range mode. Mass scan was performed with Nebulizer pres 
sure 40 psi, Capillary voltage 4000V. Nozzle voltage 500V 
and fragmentation Voltage 170V, mass range selected were 
50-1100. 121 m/z and 922 m/z, were used as reference ion for 
accurate mass calibration. 
Mass spectrometric data analysis was performed using 

Mass Profiler Professional (MPP) version 2.1 (Agilent Tech 
nologies, Santa Clara, Calif.). The metabolic data was 
grouped based on their hierarchical levels and used as input 
for MPP. The preprocessing steps of filtering, normalization 
and averaging were then performed to minimize instrument 
errors and remove noise. Hierarchical clustering based on 
Euclidean distance matrix was performed on the dataset to 
help visualize the relative abundance of ions and clustering of 
cell lines. Principal Components Analysis (PCA) was used to 
establish the similarity between replicates based on metabo 
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lite profiles. Differential ions were then identified by per 
forming two-tailed t-test and filtering with a P value cutoff of 
<0.05. The list of ions after t-test and fold change filtering 
were identified as having a significant difference in the 
metabolite levels. Unique non ambiguous metabolites were 
identified using HMDB (Human Metabolome Database 
http://www.hmdb.ca/). All the non-ambiguous metabolites 
were also confirmed through MS2 fragmentation. MS2 frag 
mentation was done using ABI 4000 Q-Trap with delustering 
potential (DP), 81V, collision energy (CE), 35V, Ion source 
temperature 250 C and Ion source voltage 440V. These 
metabolites were then mapped onto metabolic pathway maps 
in KEGG using MetDAT (Biswas, A., Mynampati, K. C., 
Umashankar, S., Reuben, S., Parab, G., Rao, R., Kannan, V. 
S., and Swamp, S. (2010). MetDAT: a modular and workflow 
based free online pipeline for mass spectrometry data pro 
cessing, analysis and interpretation. Bioinformatics 26, 2639 
2640). 

Western Blot 
Samples were separated by SDS-PAGE and transferred on 

PVDF membrane (100V at 4° C. during 2 Hr). Membranes 
were blocked in TBST-5% milk 1 Hr at RT. Anti-PSPH 
(Sigma), B-Actin (Santa Cruz), LIN28B (Cell Signaling), 
c-Fos (Cell Signaling), CDK1 (Santa cruz), Hsp90 (BD bio 
Sciences) and anti-GLDC (Abcam) primary antibodies at 
1:1000 were used (1 Hrat RT). B-Actin or Hsp90 was used as 
a loading control. Membranes were washed 5x in TBST and 
incubated 1 Hr with goat anti-rabbit or donkey anti-goat IgG 
secondary antibodies HRP-conjugated (Santa Cruz) at 
1:5000. After washing in TBST, proteins were detected using 
ECL PlusTM Western Blotting (GE Healthcare). 

Cell Synchronization by Serum Starvation 
Normal human adult lung fibroblasts or cancer cell line 

A549 cells were serum starved (in 0.1% serum) for 72 hours 
followed by release into serum-containing medium with 
samples collected at indicated time points, namely 0, 1, 2, 4, 
8, 16, 24 and 48 hours. Normal growing, unsynchronized 
cells (Cyc) were used as a control. We tested the expression of 
GLDC, c-Fos (an early serum response gene) and Cdk1 (an 
E2F target gene and a marker of cells in late S-phase). 

Tissue Microarray 
A tissue microarray (TMA) was constructed as previously 

described (Kristiansen et al., 2001). GLDC, CD166 and 
LIN28B staining was independently scored by two anatomi 
cal pathologists (M.E.N. Y.H.P). Staining intensity was 
scored semi-quantitatively (score 0: Very weak staining; 1+: 
weak staining; 2+: moderate staining; 3+: strong staining). 

Flow Cytometry 
A list of antibodies used can be found in Table 7. Cells were 

FACS-sorted using a FACSAria (BD). Flow cytometry was 
performed using a LSR II flow cytometer, and data was ana 
lyzed with CELLOuest Prosoftware (BD). 

TABLE 7 

List of antibodies 

Antibody Clone Source Application 

CD166-PE 105902 R&D FACS 
CD133,1-APCPE AC133 Miltenyi Biotech FACS 
CD133,2-APCPE 293C3 Miltenyi Biotech FACS 

EpCAM-FITCAPC/PE HEA-125 Miltenyi Biotech FACS 
CD44-FITC G44-26 BD PharminGen FACS 
CD31-FITC HC1.6 Biosource FACS 
CD4S-FITC HI30 BD PharminGen FACS 
CD34-FITC AC136 Miltenyi Biotech FACS 

mouse MHC-I-FITC (mouse H-2K-FITC) SF1-1.1 BD Biosciences FACS 
mouse CD45-FITC 30-F11 BD PharminGen FACS 
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TABLE 7-continued 

List of antibodies 

Antibody Clone Source 

amino-actinomycin D (7-AAD) BD PharminGen 
isotype antibodies BD PharminGen 

CD166 105902 R&D 
CD166 H-108 Santa Cruz 
CD166 MOGO7 Nowaocastra 

pan cytokeratin AE1 AE3 Zymed 
GLDC Sigma 
GLDC Abcam 
LIN28B Abgent 
LIN28B Cell signaling 

E-cadherin NCH-38 Dako 
Smooth muscle antigen (SMA) 1A4 Dako 

Synaptophysin (SYP) SY38 Dako 
Vimentin V9 Dako 
PSPH Sigma 
CDK1 Santa Cruz 
c-fos Cell signaling 
-actin Santa Cruz 

Hsp90 BD Biosciences 
Envision HRP Polymer System Dako 

Anti-rabbit IgG Alexa Fluor 488/568 Invitrogen 
Anti-mouse IgG Alexa Fluor 488/568 Invitrogen 

Goat anti-rabbit IgG-HRP Santa Cruz 
Donkey anti-goat IgG-HRP Santa Cruz 

Animals and Transplantation of Tumor Cells 
NOD.Cg-Prkdc' I12rg"''/SzJ mice (Jackson Labora 

tories) at 4-6 weeks old were Subcutaneously transplanted 
with single cell Suspensions in serum-free medium and Matri 
gel (BD) (1:1). 
Tumor Sphere Culture 
Cells were grown in DMEM/F 12 containing ITS (BDBio 

sciences) and supplemented with 50 ng/ml EGF and 20 ng/ml 
bFGF (Invitrogen), using non-treated cell culture plates 
(Nunc). Fresh medium was replenished every 3 days. 

Statistical Analysis 
Differences were compared using two-tailed Student t-test. 

P values <0.05 were considered statistically significant. All 
analyses were performed with SPSS 18.0 (SPSS). Lung TIC 
frequencies were estimated using ELDA software (Hu and 
Smyth, 2009). Fisher's exact test was used to assess the 
association between GLDC, CD166 or LIN28B and clinico 
pathological parameters. The effect of GLDC, CD166 or 
LIN28B expressions on lung cancer mortality was modelled 
using competing risks regression, and quantified based on the 
subdistribution hazard ratio (SHR) (Fine and Gray, 1999). 

Accession Numbers 
The GEO accession number for human datasets is 

GSE33.198. 

Over Expression of GLDC in Cells Induces Tumorigenesis 
The GLDC level in different normal cells varies from low 

to high expression (data not shown). Normal cells such as 
lung and skin cells have low levels of expression while other 
normal cells such as Germ. Cells, Liver, and Neurons have 
higher levels of GLDC. For those low/negative expressing 
normal cells, over-expression of GLDC was demonstrated to 
lead to transformation such as shown in FIG. 1 in lung fibro 
blasts. 

Most cells express low levels of GLDC. The highest 
expressing normal cells are liver, germ cells, brain. The levels 
of GLDC in these normal cells are close to that in cancer cell 
lines. Compared to normal cells that have low levels of 
GLDC, tumor cells have about 2-10x higher levels of GLDC 
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Application 

FACS 
FACS 

F (1:100) 
F (1:100) 

IHC (1:100) 
IHC (1:200) 
IHC (1:25) 
WB (1:1000) 
IHC (1:100) 
WB (1:1000) 
I 
I 
I 

HC (1:50) 
HC (1:50) 
HC (1:10) 
IHC (1:50) 
WB (1:1000) 
WB (1:1000) 
WB (1:1000) 
WB (1:1000) 
WB (1:1000) 

IHC 

IF (1:1000) 
IF (1:1000) 
WB (1:5000) 
WB (1:5000) 

Expression of GLDC in Human Primary Cancer Samples 
and Cancer Cell Lines 

FIG. 2 shows expression of GLDC in various tissues on 
tumor and normal samples. The expression of GLDC ranges 
from 1.5 to 16 times higher in cancer versus normal counter 
parts in Some types of cancer, Such as ovary, cervix, germ cell, 
esophagus, lung cancer, etc. However, for Some types of 
cancer. Such as liver, kidney, melanoma etc., the expression of 
GLDC is lower (/8-/2) in tumor versus normal counterparts. 
According to our screen of high GLDC expression in tumors 
Versus normal tissues, a wide range of tumors express high 
levels of GLDC, such as cancer cells of ovary, cervix, germ 
cell, esophagus, and lung cancer. We will test if Suppression 
of GLDC in these cancers is also inhibitory to tumor growth. 

Table 1 outlines a statistical comparison between tumor 
verses normal cells. Whereby a higher percentage is indica 
tive of over expression in cancer cells as compared with 
normal cells of that cell type. 

TABLE 1 

Detailed statistics about GLDC expression intensity on tumor cell lines. 

Total number Number of cell Percentage 
of tumor lines with high of high 

Organ cell lines GLDC expression GLDC (%) 

Germ line 8 5 62.5 
Liver 7 4 57.1 
Cervix 9 5 55.6 
Brain 4 2 50 
Ovary 27 13 48.1 
Kidney 58 24 41.4 
Breast 51 18 29.5 
Gastric 38 11 28.9 
Lung 132 38 28.8 
Skin 32 7 21.9 
Blood 55 14 21.5 

Head and Neck 5 1 2O 
Pancreas 23 4 17.4 
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TABLE 1-continued 

Detailed Statistics about GLDC expression intensity on tumor cell lines. 

Number of cell 
lines with high 
GLDC expression 

Total number 
of tumor 
cell lines 

Percentage 
of high 5 

Organ GLDC (%) 

21 3 
76 6 
40 3 

14.5 
7.9 
7.5 

Prostate 
Colon 
Bladder 

10 
Total 606 158 26.1 

Decrease in GLDC Levels Reduce Tumorigenicity. 
Knockdown GLDC inhibit the malignant growth of tum 

origenic ALCAM" sphere cells (FIG. 7). 15 

TABLE 2 

Summary of GLDC tissue distribution in tumor and normal ones. 
2O 

GLDC expression level 

Tumor Normal Tumor types 

:::::::::::: 8 Lung cancer - adenocarcinoma: squamous cell 
carcinoma; large cell carcinoma 
Uterus cervical squamous cell carcinoma 
Esophagus squamous carcinoma 
Pancreas cancer 
Epiploon metastatic mucinous adenocarcinoma 
Prostate adenocarcinoma 
Stomach Adenocarcinoma 

25 

:::::::::::: : 

30 

Screening for Molecular Inhibitors Against GLDC 
We have identified lead compounds such as structures 

similar to Victorin and are screening the same with cell line 
assayS. 

Inhibitors can be Used in Combination with Other Chemo 
therapeutic Agents 

35 

The screening of small molecular inhibitors against GLDC 
is ongoing. Candidate Small molecules can be used in com 
bination with routine chemotherapeutic agents. One impor 
tant mechanism of these inhibitors may be, in combination 
with other chemotherapeutic agents. The GLDC inhibitor 
may eliminate chemoresistant tumor initiating cells and 
allowing chemotherapeutic agent to the kill the remaining 
tumor cells. 

Onco-Induction Potential of GLDC 

Over-expression of GLDC lead to transformation from 
lung fibroblasts to tumerogenic cells. Similarly, in other cell 
lines exogenic over expression of GLDC can lead to bladder 
cancer in bladder cells, breast cancer in breast cells, pancre 
atic cancer in pancreatic cells, brain tumors, lymphomas, 
gliomas, melanomas, or leukemias. 

Results 
Measurement and or Isolation and or Enrichment of 

Tumour Initiating Cells in Lung Cancer 
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To assess the cellular heterogeneity within non-small cell 
lung cancer (NSCLC), we obtained freshly resected lung 
tumors from 36 human patients with a broad range of stage 
I-III primary NSCLC (Table 3). Patient lung cancer cells were 
directly transplanted subcutaneously into NOD/SCID 
I12ry mice with Matrigel (Quintana et al., 2008). Using this 
maximally sensitive assay, we estimated by limiting dilution 
analysis that lung TICs exist with a low frequency of 1 in 
4x10 cells in unsorted NSCLC tumor cells (n=36 patients; 
FIG. 8A). 
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TABLE 3 

Patient characteristics for xenotransplantation assays (n = 36 tumors 
and 10 normal lung tissues). Related to FIG. 1 

Patient Pathology 
O. Sex Age Organ diagnosis Stage pTNM 

LCP15 M 67 Lung AdC B T2N1MO 
LCP16 M 70 Lung AdC LA T4NOMO 
LCP22 F 47 Lung AdC B T2NOMX 
LCP29 M 60 Lung AdC LA T1N2MO 
LCP32 F 55 Lung AdC A. T1NOMO 
LCP36 F 67 Lung AdC A. T1NOMO 
LCP38 F 73 Lung AdC B T2NOMO 
LCP39 F 51 Lung AdC B T2NOMO 
LCP4O F 71 Lung AdC B T2NOMO 
LCP42 M 75 Lung AdC B T2NOMO 
LCP43 M 55 Lung AdC A T1N1MO 
LCP44 F 60 Lung AdC A T1N1MO 
LCP4.5 F 52 Lung AdC A. T1NOMX 
LCP46 F 35 Lung AdC B T2N1MO 
LCP49 F 48 Lung AdC A T2N2MO 
LCP50 F 60 Lung AdC B T4N2MO 
LCP51 M 66 Lung AdC A T2N2MX 
LCP52 M 78 Lung AdC A. T1NOMX 
LCP53 F 56 Lung AdC A T1N2MO 
LCP55 F 44 Lung AdC A T1N2MX 
LCPS6 M 69 Lung AdC A. T1N1MO 
LCP57 F 62 Lung AdC A. T1NOMO 
LCP58 F S4 Lung AdC A. T1NOMO 
LCP59 F 67 Lung AdC B T2N1MO 
LCP60 F 63 Lung AdC A. T1NOMO 
LCP61 M 78 Lung AdC A. T1NOMX 
LCP62 F 49 Lung AdC B T4NOMX 
LCP72 M 50 Lung AdC B T2N1MX 
LCP73 F 72 Lung AdC A. T1NOMX 
LCP34 M 75 Lung SCC A T2N2MO 
LCP41 M 65 Lung SCC B T2NOMO 
LCPS4 M 74 Lung SCC B T2NOMO 
LCP64 M S4 Lung SCC B T2NOMX 
LCP27 M 60 Lung LCC B T2N1MO 
LCP30 M 55 Lung LCC B T4N2MO 
LCP70 M 26 Lung Mucoepidermoid B T2NOMO 

carcinoma 
LNP28 M 58 Lung Non-neoplastic 

lesion 
LNP3.3 M 76 Lung Non-neoplastic 

lesion 
LNP16 M 70 Lung Cancer adjacent 

normal lung tissue 
LNP22 F 47 Lung Cancer adjacent 

normal lung tissue 
LNP29 M 60 Lung Cancer adjacent 

normal lung tissue 
LNPS6 M 69 Lung Cancer adjacent 

normal lung tissue 
LNP57 F 62 Lung Cancer adjacent 

normal lung tissue 
LNP34 M 75 Lung Cancer adjacent 

normal lung tissue 
LNPS4 M 74 Lung Cancer adjacent 

normal lung tissue 
LNP27 M 60 Lung Cancer adjacent 

normal lung tissue 

Note: 
LCP. lung cancer patient; 
LNP. lung normal patient; 
AdC, lung adenocarcinoma; 
SCC, squamous cell carcinoma; 
LCC, large cell carcinoma; 
pTNM, primary tumor (T), regional lymph nodes (N), distant metastasis (M). 

To profile the surface phenotype of this subpopulation of 
lung TICs, we fractionated the NSCLC tumors by fluores 
cence-activated cell sorting (FACS, FIG. 15A). After exclud 
ing hematopoietic and endothelial cells (Lid), we tested a 
panel of cell surface markers, including CD166, CD44, 
CD133, and EpCAM (FIG. 8B). We found that CD166 was 
the most robust marker for enriching the lung TIC subpopu 
lation, compared to CD133, CD44 or EpCAM, allowing us to 
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reliably enrich lung TICs by nearly 100-fold (FIG. 8A-B). In 
twelve out of twelve NSCLC patient tumors (lung adenocar 
cinoma), the CD166"Lin fraction contained cells that con 
sistently initiated lung tumor formation in vivo. In contrast, 
CD166Lin tumor cells generally failed to initiate lung 
tumor formation even after 8 months of observation, although 
they also express carcinoembryonic antigen (CEA), a tumor 
specific marker not expressed in normal adult lung cells (FIG. 
8A-B; FIG. 15B). Similar results were observed in lung squa 
mous cell carcinoma and large cell carcinoma (FIG. 15C). 
Although CD166 expression varied across the NSCLC 
tumors we examined, CD166 was consistently higher in lung 
tumors than normal adjacent lung tissues (n=25 patients: FIG. 
15D-E). 
CD166 lung TICs demonstrate a capacity for self-renewal 

and differentiation in vivo. Serial transplantations showed 
that only the CD166 fraction was able to self-renew and 
initiate primary and secondary Xenograft tumors (FIG. 8A: 
FIG. 15F). Upon transplantation, CD166" lung TICs differ 
entiated to form Xenograft tumors that phenocopy the com 
plex cytoarchitecture of their parental patient tumors, sharing 
similar histological morphology by hematoxylin-eosin 
(H&E) staining and similar tissue distributions of CD166, 
cytokeratin, E-cadherin, Vimentin, Smooth muscle actin, and 
synaptophysin (FIG. 8C; FIG. 15G-H). Furthermore, we 
found that transplants with more TICs grow more rapidly, 
Suggesting that lung TIC frequency is correlated with tumor 
growth rate (FIG. 8D: FIG. 15I). 
The self-renewal capacity of CD166 lung TICs is further 

corroborated by in vitro assays. We tested the CD166" frac 
tion for the ability to form tumor spheres, a widely used in 
vitro technique for assessing self-renewal capacity. Although 
both primary CD166" and CD166 cells remained viable in 
vitro, only primary CD166" but not CD166 cells were able to 
form compact self-renewing spheres (n=9 patients: FIGS. 
8E-F: FIG.15J). Using immunofluorescence and flow cytom 
etry, we found that the lung tumor spheres retained high levels 
of CD166 expression, but undetectable CD133 expression in 
contrast (FIGS. 15K-L). When primary lung tumor spheres 
were dissociated into single cells and transplanted into NOD/ 
SCIDI12ry mice in vivo, we found that as few as 1-5 single 
cells consistently initiated tumorigenesis (FIG. 8G; FIG. 
15M). 
The increased tumor-initiating frequency of lung tumor 

sphere cells suggests they are even more highly enriched for 
lung TICs than the patient tumor CD166 fraction, and that 
lung TICs expanded during in vitro culture to form tumor 
spheres. To test if CD166 serves drives tumorigenicity in lung 
TICs, we knocked down CD166 in two lines of NSCLC 
patient-derived tumor spheres by retroviral shRNA (FIG. 
15N). We found that the tumorigenicity of lung TICs in the 
tumor spheres was not significantly affected by CD166 
shRNA, demonstrating that CD166 is an inert cell surface 
marker that enriches for lung TICs (FIGS. 15O-Q). 

Lung TICs Express High Levels of Glycine/Serine 
Metabolism Enzymes 

To gain a deeper understanding of the molecular basis for 
the TIC state and its tumorigenic capacity, we sought to obtain 
a molecular signature for lung TICS. To do this, we performed 
genome-wide transcriptome analysis on CD166Lin tumor 
cells, CD166" Lin tumor cells, and lung tumor spheres, in 
increasing order of lung TIC frequency (FIG.9A). As a nega 
tive control, we also profiled CD166" vs. CD166 cells from 
normal adjacent lung tissues (n=3 patients; Table 3). This led 
us to a profile of genes that are upregulated and downregu 
lated in lung TICs, compared to non-TICs (FIG. 9B). Lung 
TIC-associated genes include the oncogenic stem cell factor 
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LIN28B, embryonic lung transcription factors like PEA3 and 
the trachealess homolog NPAS1, as well as cell-cycle regu 
lators like CCNB1 and GADD45G (FIG. 9C). The highest 
ranking genes were validated by qRT-PCR (FIG. 16A). 
KEGG pathway analysis of the lung TIC-gene profile showed 
that the top enriched pathways were “cell cycle”, “DNA rep 
lication”, “glycine, serine and threonine metabolism”, “pyri 
midine metabolism”, “MAPK signaling pathway' and “p53 
signaling pathway’ (FIG.9D). Within the glycine, serine and 
threonine metabolism pathway, we found that glycine/serine 
metabolism enzymes like glycine decarboxylase GLDC, gly 
cine C-acetyltransferase GCAT, serine hydroxymethyltrans 
ferase SHMT1, phosphoserine phosphatase PSPH, and phos 
phoserine aminotransferase PSAT1, were all upregulated in 
lung TICs (FIG.9E: FIG. 16B-D). In particular, GLDC was 
one of the most highly upregulated genes in multiple analyses 
of lung TIC-enriched populations, both at the mRNA and 
protein level (FIG.9C; FIG.16C). GLDC is a key component 
of the highly conserved glycine cleavage system in amino 
acid metabolism that catalyzes the breakdown of glycine to 
form CO. NH and 5,10-methylene-tetrahydrofolate (CH 
THF) to fuel one-carbon metabolism. 
GLDC is an Oncogene that Promotes Tumorigenesis and 

Cellular Transformation 
High expression of GLDC and LIN28B in lung TIC-en 

riched populations, but not in CD166 lung cancer cells and 
CD166" normal lung cells, suggests that these 2 genes drive 
tumorigenicity in lung TICs. To test this hypothesis, we 
knocked down GLDC and LIN28B in lung tumor spheres 
with shRNAs (FIG. 17A), and compared their growth both in 
vitro and in vivo. We found that both GLDC and LIN28B 
were necessary for cell proliferation in sphere culture, as well 
as anchorage-independent colony formation in Soft agar 
(FIG. 10A; FIG. 17B). Importantly, tumorigenicity was also 
significantly reduced upon knockdown of either GLDC or 
LIN28B (FIG. 10B: FIG. 17C). A549 lung adenocarcinoma 
cells showed similar results (FIGS. 17D-G). Our results sug 
gest that lung tumor initiating cells and lung tumorigenesis 
are dependent on the glycine decarboxylase enzyme GLDC. 
This led us to ask what oncogenes upregulate GLDC. Since 
the E2F pathway upregulates many metabolic genes during 
cell proliferation, we examined the expression of GLDC over 
the course of the cell-cycle in both normal human lung fibro 
blasts (HLF) and the transformed A549 cells after synchro 
nization by serum-starvation. Our results showed that GLDC 
is insensitive to cell-cycle progression in both normal HLFs 
and transformed A549 cells, suggesting that GLDC is not 
regulated by cell-cycle or E2F signals (FIG. 10C). We then 
examined GLDC levels in MCF 10A cells after transforma 
tion by oncogenic KRAS'''P, PIK3CA, and MYC''. 
Our results show that all 3 oncogenes induce GLDC by ~20 
fold, Suggesting that oncogene-induced GLDC transcription 
is common to the cellular transformation process mediated by 
oncogenic Ras, PI3K and Myc (FIG. 10D). 
To test ifaberrant GLDCupregulation is sufficient to drive 

cellular transformation we overexpressed GLDC in NIH/3T3 
cells (FIG. 17H). We found that GLDC overexpression sig 
nificantly increased colony formation by 3T3 cells under 
normal culture conditions (FIGS. 10E-F). To test for cellular 
transformation in vitro, we cultured the 3T3 cells overex 
pressing GLDC under anchorage-independent conditions, 
and found that GLDC transforms 3T3 cells readily with a rate 
exceeding that of LIN28B (FIG. 10G. FIG. 17I). Upon trans 
plantation into NOD/SCID I12ry mice, 3T3 cells overex 
pressing GLDC consistently formed tumors in 6/6 trans 
plants, and 3T3 cells overexpressing LIN28B formed tumors 
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in 3/6 transplants, whereas 3T3 cells overexpressing the 
empty control vector never formed tumors (FIGS. 17J-L). 

To test if GLDC can also transform normal primary human 
lung fibroblasts (HLF) and normal primary human bronchial 
epithelial cells (NHBE), we overexpressed GLDC in HLF 
and NHBE cells (Figure S3M, S3O). Both HLF and NHBE 
cells showed a dramatic increase in cell proliferation upon 
overexpression of GLDC alone (FIGS. 10H-J; FIG. 17P). 
Surprisingly we found that GLDC also transforms HLF and 
NHBE cells readily in vitro (FIG. 10K; FIG. 17O). However, 
perhaps because primary adult HLF and NHBE cells are not 
immortalized, GLDC-overexpressing HLF and NHBE cells 
do not form tumors upon transplantation (FIG. 17N, 17R). In 
contrast CD166 lung tumor cells, which also could not form 
tumors in vivo, could now initiate tumorigenesis at a low 
frequency upon overexpression of GLDC (FIG. 10L). Col 
lectively, our results show that GLDC is an oncogene that is 
both necessary and Sufficient to promote tumorigenesis. 
GLDC Promotes Tumorigenesis Through its Metabolic 

Activity 
Although GLDC is a metabolic enzyme, it remained 

unclear whether GLDC promotes tumorigenesis through a 
metabolism-dependent or -independent mechanism. To 
address this question, we engineered a series of 4 point muta 
tions within or near the evolutionarily-conserved catalytic 
active site of the GLDC enzyme, to disrupt its metabolic 
activity (FIG. 11A). These point mutations comprised 3 non 
lethal GLDC mutations found in human patients with nonke 
totic hyperglycinemia (H753P. P769L, G771R: FIG. 18A-B), 
and 1 mutation K754A that is predicted to abrogate the cova 
lent bond with the critical pyridoxal-5'-phosphate cofactor. 
When we overexpressed these 4 GLDC mutants in 3T3 cells, 
none of them could lead to tumorigenesis in Vivo, whereas 
wild-type GLDC could, even though all of them were 
expressed at high levels similar to that in transformed A549 
cells (FIG. 11B). Thus the metabolic activity of GLDC is 
required for its tumorigenic function. 

In addition, the upregulation of many other upstream 
enzymes in the glycine/serine pathway in lung TICs further 
Supports the idea that metabolic activity in the glycine?serine 
pathway is responsible for promoting tumorigenesis (FIG. 
9E). To test this idea, we also overexpressed PSAT1, PSPH, 
SHMT1, SHMT2, and GCAT in 3T3 cells, and transplanted 
them in vivo to test for cellular transformation and tumori 
genesis (FIG. 11C). By 2 months we found that 3 other 
glycine/serine enzymes PSAT1, PSPH and SHMT2 
could also transform 3T3 cells to form tumors in vivo (FIG. 
11D). Interestingly, we noted that PSAT1, PSPH and SHMT2 
overexpression only led to a slight upregulation of GLDC 
protein (FIG. 11E), Suggesting that their tumorigenic activity 
is due to increased glycine?serine metabolism, rather than 
indirect upregulation of GLDC. These findings indicate that 
increased metabolism in the glycine?serine pathway due to 
GLDC or other glycine/serine enzymes can exert a potent 
tumorigenic effect. 
GLDC Regulates Glycine Metabolism, with Effects on 

Glycolysis and Pyrimidines 
Given that GLDC promotes tumorigenesis through a 

metabolism-dependent mechanism, we performed metabolo 
mic analysis to gain deeper mechanistic insights into the 
GLDC-driven metabolism changes that lead to tumorigen 
esis. Using liquid chromatography-mass spectrometry (LC 
MS), we performed metabolomics profiling of HLF cells and 
3T3 cells overexpressing GLDC, as well as A549 lung adeno 
carcinoma cells with retroviral knockdown of GLDC, relative 
to empty vector controls. We found that glycine-related 
metabolites, glycolysis intermediates and many pyrimidines 
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were significantly perturbed by both GLDC overexpression 
and knockdown (P<0.05, FIG. 12 A-D). For glycine-related 
metabolites, we found that sarcosine (N-methylglycine) lev 
els increased significantly upon GLDC overexpression and 
dropped significantly upon GLDC knockdown, indicating 
that GLDC is promoting sarcosine synthesis or accumulation 
(FIG. 12A). Consistent with this observation, betaine alde 
hyde in the betaine-sarcosine-glycine pathway for glycine 
synthesis also showed the same pattern of changes (FIG. 
12A). Glycine levels decrease with GLDC overexpression 
and increase with GLDC knockdown, in agreement with the 
fact that GLDC breaks down glycine irreversibly. In contrast, 
serine levels increase with GLDC overexpression and 
decrease with GLDC knockdown, suggesting that GLDC is 
promoting serine synthesis or uptake (FIG. 12A). 

Surprisingly, GLDC perturbation also led to dramatic 
changes in glycolysis, and other amino acids (FIGS. 12B-C; 
FIG. 19A). Our data suggests that GLDC is promoting gly 
colysis, leading to the increased synthesis or accumulation of 
glucose-1-phosphate, phosphoenolpyruvate, pyruvate and 
lactate (FIG. 12B-C). In fact many of the upstream glycine/ 
serine metabolism enzymes that we found upregulated in 
lung TICs, such as PSAT1, PSPH and SHMT1/2, channel 
glycolytic intermediates into de novo serine and glycine bio 
synthesis (FIG. 9E), suggesting that GLDC is working in a 
concerted fashion with these enzymes to promote the glyco 
lysis-serine-glycine flux. This is Supported by our finding that 
GLDC does not significantly promote glycine uptake (FIG. 
19B-C), but promotes glycolysis instead (FIG. 12B-C). 

Finally, our metabolomics analysis also revealed that 
GLDC promotes the synthesis or accumulation of pyrim 
idines, including thymidine, deoxyuridine, thymine, uracil 
and cytosine (FIG. 12D). The GLDC-catalyzed reaction con 
verts glycine into CH-THF. CH-THF contains the methyl 
enegroup that fuels de novo thymidine synthesis from deox 
yuridine in concert with pyrimidine biosynthesis and hence 
nucleotide synthesis during cell proliferation. Our observa 
tions on pyrimidine synthesis Suggest that upregulation of 
GLDC could promote cellular transformation by overcoming 
nucleotide deficiency that has been observed in early onco 
genesis to progress onwards in early oncogenesis. 
To test if any of the metabolite changes induced by GLDC 

can mimic GLDC's effects on cancer cells, we analyzed 
whether an increased exogenous Supply of specific metabo 
lites could rescue GLDC retroviral knockdown in A549 cells. 
We found that 10 uM of sarcosine could significantly rescue 
the proliferation defect upon GLDC knockdown, with little 
effect on control A549 cells (FIG. 12F), indicating that 
increased sarcosine-glycine metabolite flux can rescue the 
effects of reduced GLDC enzyme. To further test if the pro 
duction of CH-THF is necessary for GLDC's effects on 
proliferation, we tested whether the anti-folate drug methotr 
exate could specifically abrogate GLDC-induced prolifera 
tion by reducing the tetrahydrofolate (THF) cofactor needed 
to produce CH-THF for pyrimidine synthesis. Our results 
show that low doses of methotrexate specifically abrogated 
GLDC-induced proliferation in 3T3 and HLF cells, with little 
effects on control 3T3 and HLF cells (FIG. 12E). Further 
more, methotrexate in combination with GLDC shRNA 
killed transformed A549 cells much more effectively than 
either alone (FIG. 12E), Suggesting that a combination of 
anti-folates with a GLDC inhibitor could completely shut off 
glycine catabolism to treat cancer cells more effectively. 
Using these metabolic data, we constructed a model of how 
aberrant GLDC expression might reprogram glycolysis and 
glycine metabolism fluxes in cancer cells to promote cancer 
cell proliferation and tumorigenesis (FIG. 12G). 
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Prognostic Significance of Aberrant GLDC Expression in 
NSCLC Patients 

To assess if our experimental findings on GLDC are rel 
evant to human lung cancer patients in the clinic, we exam 
ined the prognostic significance of GLDC expression, tumor 
size, tumor grade, and cancer stage in clinical tumor samples 
from cohorts of NSCLC patients (n=143) using tissue 

5 
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staining results inconclusive (FIG. 20E). Our immunohis 
tochemistry results on clinical tumor samples are consistent 
with the idea that lung TICs constitute the bulk of the tumors 
in late stages of malignancy, and demonstrate that aberrant 
activation of GLDC is significantly associated with human 
mortality in NSCLC patients—further supporting its role as a 
metabolic oncogene in human NSCLC. 

TABLE 4 

Clinical pathologic characteristics of NSCLC patients and their association 
with GLDC staining intensity grade (n = 143). Related to FIG. 6 

Characteristics 

Total no. 
Histology (%) 
Adenocarcinoma 
Squamous cell Carcinoma 
Mean tumor size (cm) (SD) 

T stage (%) 
T1 

T4 
N stage (%) 
NO 

N3 
M stage (%) 
MO 
M1 
AJCC stage (%) 
I 
II 
III 
IV 
Grade (%) 
Well-differentiated 
Moderately differentiated 
Poorly differentiated 
Undifferentiated 
Status (%) 
Alive 
Lung cancer related death 
Non-lung cancer related death 

microarray immunohistochemistry (FIG. 13A, FIG. 20; 
Table 4). Subdistribution hazard ratio (SHR) analysis showed 
that patients with high or grade 3+ GLDC expression have a 
three-fold higher risk of lung cancer mortality compared to 
patients with low or grade 0 GLDC expression, even when 
adjusted for cancer stage (SHR-3.01, 95% CI: 1.48-6.10, 
P=0.002) (FIG. 13B). Cumulative mortality analysis also 
showed that high GLDC expression (grade 3+) is signifi 
cantly associated with higher cumulative incidence of mor 
tality across 143 NSCLC lung cancer patients, even when 
adjusted for cancer stage (P=0.005) (FIG. 13C). CD166 
expression was not significantly associated with higher mor 
tality in lung cancer patients—which was not unexpected 
given that only 1 in 5x10 CD166" cells are tumorigenic 
(FIG. 20A-C). Indeed, co-immunostaining of lung tumors 
revealed that GLDC" cells mostly form a subset of CD166 
cells, and that not all CD166" cells are GLDC" (FIG. 13D: 
FIG. 20D). LIN28B immunohistochemistry was also not sig 
nificantly correlated with lung cancer patient mortality (FIG. 
20A-C), although Western blots revealed that lung TICs 
express a second LIN28f3 isoform that is indiscernible from 
immunohistochemistry staining, thus rendering our LIN28B 
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GLDC intensity 

Total O 1+ 2+ 3+ P-value 

143 59 49 15 2O 
O.O3 

97 (68) 40 (68) 39 (80) 6 (40) 12 (60) 
46 (32) 19 (32) 10 (20) 9 (60) 8 (40) 

3.79 3.76 3.42 4.91 3.99 O.108 
(2.02) (2.04) (1.98) (1.97) (1.88) 

O.478 
33 (24) 19 (34) 8 (17) 2 (13) 4 (25) 
71 (16) 27 (48) 24 (52) 10 (67) 10 (50) 
16 (12) 5 (9) 6 (13) 1 (7) 4 (20) 
16 (12) 5 (9) 8 (17) 2 (13) 1 (5) 

O.395 
104 (76) 47 (85) 34 (72) 9 (60) 14 (74) 
19 (14) 4 (7) 8 (17) 4 (27) 3 (16) 
12 (9) 4 (7) 4 (9) 2 (13) 2 (11) 
1 (1) O (O) 1 (2) O (O) O (O) 

O112 
132 (97) 55 (100) 44 (94) 14 (93) 19 (100) 
4 (3) O (O) 3 (6) 1 (7) O (O) 

O.141 

81 (61) 40 (74) 24 (52) 7 (50) 10 (53) 
24 (18) 5 (9) 9 (20) 3 (21) 7 (37) 
23 (17) 8 (15) 10 (22) 3 (21) 2 (11) 
5 (4) 1 (2) 3 (7) 1 (7) O (O) 

O.326 

9 (6) 5 (9) 3 (6) 0 (O) 1 (5) 
74 (53) 34 (59) 25 (52) 8 (53) 7 (37) 
46 (33) 16 (28) 13 (27) 7 (47) 10 (53) 
11 (8) 3 (5) 7 (15) () (O) 1 (5) 

O.247 
66 (46) 31 (53) 24 (49) 6 (40) 5 (25) 
63 (44) 21 (36) 21 (43) 7 (47) 14 (70) 
14 (10) 7 (12) 4 (8) 2 (13) 1 (5) 

Aberrant GLDC Expression in Other Cancers 
To check if aberrant GLDC expression is specific to 

NSCLC, we examined a variety of other cancers. Surprisingly 
GLDC is also aberrantly upregulated in subsets of primary 
tumors from other cancers, especially ovarian and germ cell 
tumors (FIG. 14A. Table 5). Further analysis of 606 human 
cancer cell-lines showed that 158 (26.1%) cancer cell lines 
overexpress GLDC, including lines from ovarian, germ cell, 
cervical, lung, lymphoma, prostate, bladder, and colon cancer 
(FIG. 14B: Table 6). 

TABLE 5 

Microarray datasets for GLDC analysis of patient tumor 
tissues and tumor cell lines. Related to FIG. 7 

GEO # used for primary tumor tissues GEO if used for tumor cell lines 

GSE100.72 GSE10043 
GSE10927 GSE10309 
GSE11024 GSE10843 
GSE 12453 GSE11324 
GSE 12470 GSE11440 
GSE13276 GSE11618 
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TABLE 5-continued 

Microarray datasets for GLDC analysis of patient tumor 
tissues and tumor cell lines. Related to FIG. 7 

GEO # used for primary tumor tissues GEO if used for tumor cell lines 

GSE14001 GSE11670 
GSE144O7 GSE11812 
GSE14999 GSE12056 
GSE15852 GSE 12445 
GSE17072 GSE 12790 
GSE17351 GSE13144 
GSE17558 GSE1328O 
GSE1815S GSE14231 
GSE18462 GSE14994 
GSE1852O GSE15329 
GSE1918.8 GSE16378 
GSE19728 GSE 1824 
GSE19249 GSE1845 
GSE20916 GSE21154 
GSE21122 GSE21654 
GSE23400 GSE221.83 
GSE23878 GSE3OO1 
GSE2SO3 GSE3493 
GSE2514 GSE4127 
GSE2712 GSE4176 
GSE3167 GSE4342 
GSE31.89 GSE4975 
GSE3218 GSE5519 
GSE3268 GSES845 
GSE3524 GSE6013 
GSE4170 GSE6222 
GSE41.83 GSE6410 
GSES364 GSE7097 
GSE5550 GSE7556 
GSE6099 GSE7562 
GSE6344 GSE7930 
GSE6631 GSE8087 
GSE686 GSE8562 
GSE6883 GSE856S 
GSE6919 GSE9118 
GSE7476 GSE9633 
GSE78O3 GSE9712 
GSE9476 GSE9713 
GSE9750 GSE9714 
GSE984.4 GSE9750 
GSE9891 

TABLE 6 

Microarray datasets for GLDC analysis of human 
cancer cell lines (n = 606). Related to FIG. 7 

Number of cell lines Percentage of cell 
Total number of with high GLDC lines with high 

Organ cancer cell lines expression GLDC (%) 

Germ cell 8 5 62.5 
Liver 7 4 57.1 
Cervix 9 5 55.6 
Brain 4 2 50 
Ovary 27 13 48.1 
Kidney 58 24 41.4 
Gastric 38 11 28.9 
Lung 132 38 28.8 
Skin 32 7 21.9 
Blood 65 14 21.5 

Head & Neck 5 1 2O 
Pancreas 23 4 17.4 
Prostate 21 3 14.3 
Colon 76 6 7.9 
Bladder 40 3 7.5 
Total 606 158 26.1 

To test if GLDC is also required for growth by one of these 
GLDC-overexpressing cell-lines, we knocked down GLDC 
in CACO2 cells. Indeed we found that GLDC knockdown 
reduced their proliferation and tumorigenic potential upon 
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transplantation, Suggesting that GLDC may act as an onco 
gene in other cancer cells as well (FIGS. 14C-E). To examine 
the possibility that GLDC is a housekeeping gene for cell 
proliferation, we also knocked down GLDC in normal HLFs 
(FIG. 21A). We found that HLF proliferation was unaffected 
by retroviral knockdown of GLDC (FIG. 21 B-C). Further 
more we observed that GLDC is highly expressed only in a 
few normal tissues, including post-mitotic liver cells, kidney 
cells, placenta cells, and olfactory bulb neurons (FIG. 21D). 
Altogether our observations in both experimental and clinical 
settings Suggest that human GLDC is not a housekeeping 
gene required for cell proliferation, but rather an oncogenic 
metabolic enzyme aberrantly upregulated in NSCLC and 
possibly several other human cancers. 
Use of GLDC as a Diagnostic Marker 
FIG.22 (A) demonstrates the Linear relationship between 

GLDC protein concentration and Luminescence signals in an 
ELISA assay. Clinical significance: Diagnosis of cancer and 
live-monitoring of treatment effects by analysis GLDC level 
in serum from lung and other type of cancer patients as 
depicted in FIG. 22 (B). 
Tumor Suppression Cellular Assay 
Using a CelTiter-Glo R. Luminescent Cell Viability Assay 

based on the Luciferase reaction principle (FIG. 22 (C)) a 
clear correlation with ATP production and tumor sphere cells 
is observed (FIGS. 22 D and E). 

This assay has the advantages that it is Fast: 10 minutes, 
Sensitive as it can detect <100 cells, Robust: luminescent 
signal is stable. Accurate: linear to cell number (0-75,000) 
with little Background signal <10 RLU 

Assay of Chemotherapeutic Drugs and Chemical Inhibi 
tOrs 

FIG.22 F depicts the amount of GLDC present in samples 
after the chemotherapeutic agents Carboplatin or the inhibitor 
polyketide is administered to a tumor mass of cells. 

Those skilled in the art will appreciate that the invention 
described herein is susceptible to variations and modifica 
tions other than those specifically described. The invention 
includes all Such variation and modifications. The invention 
also includes all of the steps, features, formulations and com 
pounds referred to or indicated in the specification, individu 
ally or collectively and any and all combinations or any two or 
more of the steps or features. 

Each document, reference, patent application or patent 
cited in this text is expressly incorporated herein in their 
entirety by reference, which means that it should be read and 
considered by the reader as part of this text. That the docu 
ment, reference, patent application or patent cited in this text 
is not repeated in this text is merely for reasons of concise 
CSS. 

Any manufacturer's instructions, descriptions, product 
specifications, and product sheets for any products mentioned 
herein or in any document incorporated by reference herein, 
are hereby incorporated herein by reference, and may be 
employed in the practice of the invention. 
The present invention is not to be limited in scope by any of 

the specific embodiments described herein. These embodi 
ments are intended for the purpose of exemplification only. 
Functionally equivalent products, formulations and methods 
are clearly within the scope of the invention as described 
herein. 
The invention described herein may include one or more 

range of values (e.g. size, concentration etc). A range of 
values will be understood to include all values within the 
range, including the values defining the range, and values 
adjacent to the range which lead to the same or Substantially 
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the same outcome as the values immediately adjacent to that 
value which defines the boundary to the range. 

Throughout this specification, unless the context requires 
otherwise, the word “comprise' or variations such as “com 
prises' or “comprising, will be understood to imply the 
inclusion of a stated integer or group of integers but not the 
exclusion of any other integer or group of integers. It is also 
noted that in this disclosure and particularly in the claims 
and/or paragraphs, terms such as "comprises', 'comprised'. 
“comprising and the like can have the meaning attributed to 
it in U.S. patent law; e.g., they can mean “includes. 
“included, “including, and the like; and that terms such as 
“consisting essentially or and “consists essentially of have 
the meaning ascribed to them in U.S. patent law, e.g., they 

Human GLDC DNA sequence listing: 
to catc catc tdtc.cgg.ccg cc.cgcgagcg 

61 ccacgt.cga 

121 giggc.cggggc 

181 ccctgggcc 

241 gogcc.gcgga 

301 cqcctic ctdg 

3 61 ggggacaaag 

421 at Cagaaga 

481 gtttgttgaaa 

541 agat cqtata 

6O1 ttactggaga 

661 giggaggctgg 

721 atggccaatg 

781 tacagacaca 

841 gotgttgtc.c 

901 gaaatggact 

961 gggalaggtgg 

O21 togctgtgcta 

O81 gacatcgc.cc 

141 goag cattitt 

2O1 gtaacaagag 

261 cacatt cqga 

321 atggctgc.ca 

381 gtacataatg 

441 catgacctgt 

5O1 gCagggcgg 

561 totcttgatg 

621 gagt catctg 

681 totgtgttca 

741 gaaacaaaca 

8O1 agcatgattic 

10 

aggggacggt 

gcc.gggacag 

agcgcc ttct 

accagagaga 

cggit coctgc 

atgaaatcct 

ttgg catggg 

acticaggatg 

agagtt tact 

catc cctdct 

acaa.gaggag 

agacticgagc 

to agtggaaa 

aagacitttac 

ct gaccttitt 

tgggcagctic 

atgccactgg 

gaga caaggc 

tgtttcgaat 

cc actittgat 

totttgatac 

ct cagoggca 

aaac agt caa 

Cagaactggit 

agaggaccag 

ttgtc.cggta 

cactgggatc 

56 
allow for elements not explicitly recited, but exclude ele 
ments that are found in the prior art or that affect a basic or 
novel characteristic of the invention. 

Other definitions for selected terms used herein may be 
found within the detailed description of the invention and 
apply throughout. Unless otherwise defined, all other Scien 
tific and technical terms used herein have the same meaning 
as commonly understood to one of ordinary skill in the art to 
which the invention belongs. 

While the invention has been described with reference to 
specific methods and embodiments, it will be appreciated that 
various modifications and changes may be made without 
departing from the invention. 

SEQ ID NO 1 
actgtc.ca.gc cCagg.ccggg gaaaggggct 

cgaggcCagg agaggggc.ca agagcgcggc tigacic cttgc 

atgcagtic ct ggcc.gcggCC gtgcCagggc gttgggggctg 

Cagcagtggc ggcggggaca gC9CC gcggc tggggcct C9 

gcc.ca.gacac gacgactt.cg catcggc cct Ctcggaggca 

gatgctgcag accttggggc tiggcgagc at tatgaattg 

caa.catcc.gt ttgaaaagac ccttgaaaat gigaag accct 

tgcaactctg catgccattt caa.gcaaaaa ccagatctgg 

ctattataac togcticagtgc cacagacg at tittgcggaac 

gat cacccag tatact coat accagcctgaggtgtct cag 

caactaccag accatggtgt gtgacat cac aggcctggac 

ggatgagggg actgcago.cg cagaggcact gcagctgtgc 

gaaatttct c gttgat cocc gttgccaccc acagacaata 

caaatatact ggagtic ct ca citgagctgaa gttaccctgt 

agatgtcagt ggagtgttgt t c cagtaccc agacacggag 

ggaact citg gagaga.gctic atcagagtgg gagcctggcc 

agctttgttgc at Cttgaggc cacctggaga atttggggta 

ccagagattit gggaccc cat ggagtgccac togctatgg 

agaaagcttg gtgagaatga tigcctggaag aatggtgggg 

gaaagaagtg tat cqt Cttg Ctcttcaaac Cagggagcaa. 

taccagcaac atctgtacag ct caggcc ct cittggcgaat 

Ctaccatggit toccatgggc tiggagcat at tgctaggagg 

tttgtcagaa ggt Ctcaa.gc t caactic cag gag cagggca 

Cttgaagatt cattgttggct gct cagtgaa ggaggtottg 

gatcaattitt cqgctttittg acttgg tatt aggatggcac 

tgaaaaagat Ctggacgatt tttgttggat Ctttggttgt 

tgctgaaagc atgggagagg agtgcagagg tatt C caggg 

cc.cgttcct c acc catcaag togttcaacag ctaccactict 

catgaagaaa citggaaaata aagacatttic ccttgttcac 

ctgcac catgaaactgaaca gttcgtctga act cqcacct 









t ccctgacct gcgitta catc 

titcc cact co cct tcatgaa 

gacatatatg gagat cagca 

c catttitctgaacaaaagag 

atttgatgcc tict coccaga 

citcaagtagg agttittatat 

atacagtagc tiggagggagt 

gctt CCaCat gtgc.cagttg 

taggaactitt aacttittaat 

ttaatagaca tttittttgtt 

c cagggcaaa totttacatt 

atctgtaatc acatttctga 

aatctgcatt tattag tatt 

a.a.a. 

<210s, SEQ ID NO 2 
&211s LENGTH: 1.O2O 
212. TYPE: PRT 

&213s ORGANISM: 

<4 OOs, SEQUENCE: 2 

63 

titcc.cactgg 

accagagaac 

cctggitttgt 

ggcgt. Cttct 

gcatttgata 

actgtgtata 

cgaagctgat 

Cctggattgg 

gtggcaagtt 

cCaaaagagt 

ttgtataccc 

gtgttitt.cct 

ctaataaaag 

Homo sapiens 

Met Glin Ser Cys Ala Arg Ala Trp 
1. 

Gly 

Arg 

Ala 

Arg 
65 

Thir 

Ala 

Glu 

Ile 

Glin 
145 

Lell 

Asn 

Lell 

Gly 

Ser 

Ser 
SO 

Arg 

Luell 

Asn 

Asn 

Trp 
13 O 

Thir 

Thir 

Asn 

Ala 

Cys 
21 O 

Gly Arg Arg Lieu Ala Gly 

Arg Asp Ser Ser Ser Gly 
35 4 O 

Arg Lieu. Lieu. Glu Arg Lieu. 
55 

His Ile Gly Pro Gly Asp 
70 

Gly Lieu Ala Ser Ile Asp 
85 

Ile Arg Lieu Lys Arg Pro 

Glu Ile Lieu Ala Thir Lieu 
115 12 O 

Arg Ser Tyr Ile Gly Met 
135 

Ile Lieu. Arg Asn Lieu. Lieu. 
150 

Pro Tyr Gln Pro Glu Val 
1.65 

Tyr Glin Thr Met Val Cys 
18O 

Ser Lieu. Lieu. Asp Glu Gly 
195 

Tyr Arg His Asn Lys Arg 
215 

gaccggcctt 

aaattctggc 

acctgcc cac 

tagt cct citc 

agcaagaaag 

t citctgtaat 

ggttggalaga 

gagcc attitt 

tgcagatgtc. 

c catgtggac 

tgaagaactic 

citttittctgt 

cattttgatc 

Gly Lieu. Arg 
1O 

Gly Ser Gly 
25 

Gly Gly Asp 

Lieu Pro Arg 

Lys Asp Glin 
7s 

Glu Lieu. Ile 
90 

Lieu Lys Met 
105 

His Ala Ile 

Gly Tyr Tyr 

Glu Asn. Ser 
155 

Ser Glin Gly 
17O 

Asp Ile Thr 
185 

Thir Ala Ala 

Arg Llys Phe 
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atticoagaga ggtggcagda 

Caacgattgc ccggattgat 

c catggaagt titatgagtict 

tcc ctaagtt taaaggactg 

attt catct c ccaccc.cagc 

citctgtcaag gtaaatgtaa 

cggatttgct ttgg tatt ct 

gtgttittgcg tagaaagttt 

atagaggcta t cctggagac 

tgtgc Catct gtgggaaatc 

tttitt cotct aatatgccta 

gtgaggttitt tttitttittitt 

ggaaaaaaaa aaaaaaaaaa 

Lell 

Pro 

Ser 

His 
6 O 

Arg 

Glu 

Glu 

Ser 

Asn 
14 O 

Gly 

Arg 

Gly 

Ala 

Lell 

22O 

Gly 

Ala 
45 

Asp 

Glu 

Asp 

Ser 
125 

Trp 

Lell 

Lell 

Glu 

Wall 

Arg Gly Val 
15 

Trp Ala Pro 
3O 

Ala Ala Gly 

Asp Phe Ala 

Met Leul Glin 
8O 

Thir Wa Pro 
95 

Pro Val Cys 
11 O 

Lys Asn Glin 

Ser Wall Pro 

Ile Thr Glin 
160 

Glu Ser Lieu. 
17s 

Asp Met Ala 
19 O 

Ala Lieu. Glin 

Asp Pro Arg 

3 O 6 O 

312 O 

318O 

324 O 

33 OO 

3360 

342O 

3480 

354 O 

36OO 

366 O 

372 O 

378 O 

3.783 

64 



Cys 
225 

Gly 

Wall 

Lell 

Pro 
3. OS 

Gly 

Arg 

Arg 

Glu 

Glin 
385 

Ser 

Ile 

Lell 

Wall 

Asp 
465 

Lell 

Wall 

Phe 

His 

Asp 
5.45 

Ala 

Glin 

Asp 

Gly 
625 

Arg 

His 

Wall 

Asp 

Glu 

Ala 
29 O 

Gly 

Wall 

Glu 

Asp 

Glin 
37 O 

Ala 

His 

Lieu 

Phe 

Luell 
450 

Gly 

Asp 

Ala 

Ser 
53 O 

Ile 

Luell 

Asn 

Luell 

Glin 
610 

Luell 

Thir 

Pro 

Luell 

Wall 

Asp 

Glu 

Pro 

Ser 

Ala 
355 

His 

Luell 

Gly 

Ser 

Phe 
435 

Gly 

Thir 

Asp 

Glu 

Arg 
515 

Glu 

Ser 

Asn 

Ile 

Phe 
595 

Wall 

Ala 

Wall 

Glin 

Thir 

Ser 
26 O 

Phe 

Phe 

Luell 

Luell 
34 O 

Thir 

Ile 

Luell 

Luell 

Glu 

Asp 

Arg 

Luell 

Luell 

Ser 
SOO 

Thir 

Thir 

Luell 

Ser 

His 

Arg 

Cys 

Thir 

Cys 

Thir 

Glu 
245 

Gly 

Thir 

Ala 

Gly 

Gly 
3.25 

Wall 

Gly 

Arg 

Ala 

Glu 
4 OS 

Gly 

Thir 

Ala 

Gly 

Lell 
485 

Met 

Ser 

Asn 

Wall 

Ser 
565 

Pro 

Glu 

Phe 

Ile 

Lell 

Ile 
23 O 

Lell 

Wall 

Glu 

Thir 

Wall 
310 

Arg 

Asn 
390 

His 

Lieu 

Lell 

Ala 

Ile 
470 

Trp 

Gly 

Pro 

Ile 

His 
550 

Ser 

Phe 

Lell 

Glin 

Arg 
630 

Ile 

65 

Ala 

Lell 

Lell 

Asp 
295 

Asp 

Gly 

Met 

Glu 

Asp 
375 

Met 

Ile 

Glin 
45.5 

Ser 

Ile 

Glu 

Phe 

Wall 
535 

Ser 

Glu 

Wall 

Glu 

Pro 
615 

Ala 

Pro 

Wall 

Luell 

Phe 

Wall 

Luell 

Ile 

Gly 

Met 

Wall 
360 

Ala 

Ala 

Arg 

Ile 
44 O 

Arg 

Luell 

Phe 

Glu 

Luell 

Arg 

Met 

Luell 

Pro 

Lys 
6OO 

Asn 

Wall 

Pro 

Glin 
265 

Glu 

Luell 

Ala 

Pro 

Pro 
345 

Ala 

Ala 

Arg 

Ala 
425 

Glin 

Glin 

Asp 

Gly 

Cys 
505 

Thir 

Ile 

Ala 

Luell 
585 

Asp 

Ser 

Luell 

Ser 

Glin 

Cys 
250 

Tyr 

Arg 

Ala 

Luell 

His 
330 

Gly 

Thir 

Met 

Arg 

Gly 

Ile 

Glu 

Cys 
490 

Arg 

His 

Met 

Pro 

Pro 
st O 

Asp 

Luell 

Gly 

Asn 

Ala 

Thir 
235 

Glu 

Pro 

Ala 

Luell 

Gly 
315 

Ala 

Arg 

Luell 

Ser 

Phe 
395 

Wall 

His 

Gly 

ASn 

Thir 

Glu 

Gly 

Glin 

Luell 
555 

Ile 

Glin 

Ala 

Glin 
635 

His 
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Arg 

Met 

Asp 

His 

Cys 
3 OO 

Ser 

Ala 

Met 

Ala 

Asn 

Ala 

His 

Gln 

Phe 
460 

Wall 

Ser 

Ile 

Wall 

Lys 
54 O 

Gly 

Thir 

Ala 

Glu 

Glin 

Gly 

Ala 

Asp 

Thir 

Glin 
285 

Ile 

Ser 

Phe 

Wall 

Lell 
365 

Ile 

Ile 

Asn 

Lieu 

Ser 
445 

Arg 

Asn 

Ser 

Pro 

Phe 
525 

Lell 

Ser 

Trp 

Glin 

Lell 
605 

Gly 

Gly 

Thir 

Lys 

Phe 

Glu 
27 O 

Ser 

Luell 

Glin 

Phe 

Gly 
35. O 

Glin 

Ala 

43 O 

Wall 

Luell 

Glu 

Ala 

Gly 

Asn 

Glu 

Gly 
59 O 

Thir 

Glu 

Glu 

Asn 

Tyr 

Ser 
255 

Gly 

Gly 

Arg 

Arg 

Ala 
335 

Wall 

Thir 

Thir 

His 

Thir 
415 

His 

Phe 

Glu 
495 

Ser 

Ser 

Asn 

Thir 

Glu 
sts 

Gly 

Pro 

Thir 
24 O 

Gly 

Ser 

Pro 

Phe 

Wall 

Thir 

Arg 

Ala 

Gly 
4 OO 

Luell 

Asp 

Glu 

Glu 

Asp 

Luell 

Wall 

Met 
560 

Phe 

Glin 

Ala 

His 
64 O 

Ala 

66 
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645 650 655 

Ser Ala His Met Ala Gly Met Lys Ile Glin Pro Val Glu Val Asp Llys 
660 665 67 O 

Tyr Gly Asn. Ile Asp Ala Wal His Lieu Lys Ala Met Val Asp Llys His 
675 68O 685 

Lys Glu Asn Lieu Ala Ala Ile Met Ile Thr Tyr Pro Ser Thr Asn Gly 
69 O. 695 7 OO 

Val Phe Glu Glu Asn. Ile Ser Asp Val Cys Asp Lieu. Ile His Gln His 
7 Os 71O 71s 72O 

Gly Gly Glin Val Tyr Lieu. Asp Gly Ala Asn Met Asn Ala Glin Val Gly 
72 73 O 73 

Ile Cys Arg Pro Gly Asp Phe Gly Ser Asp Val Ser His Lieu. Asn Lieu. 
740 74. 7 O 

His Llys Thr Phe Cys Ile Pro His Gly Gly Gly Gly Pro Gly Met Gly 
7ss 760 765 

Pro Ile Gly Val Lys Llys His Leu Ala Pro Phe Leu Pro Asn His Pro 
770 775 78O 

Val Ile Ser Lieu Lys Arg Asn. Glu Asp Ala Cys Pro Val Gly. Thr Val 
78s 79 O 79. 8OO 

Ser Ala Ala Pro Trp Gly Ser Ser Ser Ile Leu Pro Ile Ser Trp Ala 
805 810 815 

Tyr Ile Llys Met Met Gly Gly Lys Gly Lieu Lys Glin Ala Thr Glu Thr 
82O 825 83 O 

Ala Ile Lieu. Asn Ala Asn Tyr Met Ala Lys Arg Lieu. Glu Thir His Tyr 
835 84 O 845 

Arg Ile Lieu. Phe Arg Gly Ala Arg Gly Tyr Val Gly. His Glu Phe Ile 
850 855 860 

Lieu. Asp Thr Arg Pro Phe Llys Llys Ser Ala Asn. Ile Glu Ala Val Asp 
865 87O 87s 88O 

Val Ala Lys Arg Lieu. Glin Asp Tyr Gly Phe His Ala Pro Thr Met Ser 
885 890 895 

Trp Pro Val Ala Gly Thr Lieu Met Val Glu Pro Thr Glu Ser Glu Asp 
9 OO 905 91 O 

Lys Ala Glu Lieu. Asp Arg Phe Cys Asp Ala Met Ile Ser Ile Arg Glin 
915 92 O 925 

Glu Ile Ala Asp Ile Glu Glu Gly Arg Ile Asp Pro Arg Val Asn Pro 
93 O 935 94 O 

Lieu Lys Met Ser Pro His Ser Lieu. Thr Cys Val Thr Ser Ser His Trp 
945 950 955 96.O 

Asp Arg Pro Tyr Ser Arg Glu Val Ala Ala Phe Pro Leu Pro Phe Val 
965 97O 97. 

Llys Pro Glu Asn Llys Phe Trp Pro Thir Ile Ala Arg Ile Asp Asp Ile 
98O 985 99 O 

Tyr Gly Asp Gln His Leu Val Cys Thr Cys Pro Pro Met Glu Val Tyr 
995 1OOO 1005 

Glu Ser Pro Phe Ser Glu Gln Lys Arg Ala Ser Ser 
1010 1015 1 O2O 

<210s, SEQ ID NO 3 
&211s LENGTH: 58 

212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Glycine dehydrogenase, MISSION shRNA. Lentiviral 
Transduction Particles (Sigma, NM 000170 / TRCNOOOOO366OO 





cctic ctdgag agittatctaa 

at actggggit tagaattaa 

gcaaatgata caaaaagtg 

cagagg taccaaacct ct co 

titatggaagt gacctt caat 

Catt cagtgc Cagggagaat 

gggc catagt attggit cotg 

t cct ggct ct agatgttatg 

tatagtgctt aat attggga 

gtgtaagctic agataattaa 

cagtttctac titcctcitccc 

t cagcaaacc accatalagac 

gcttgaattt cacaacagtg 

gctgttgatgc aaaacttgcc 

t ccttgcctt atgtgaggat 

ttgcttaatt tttagcaggc 

cgttgcticaa tttittagcag 

agataagt ca ctittgaaaat 

tggaCttcaa aattggaCaC 

< 4 OOs 

SEO ID NO 5 
LENGTH: 250 
TYPE PRT 

ORGANISM: Homo sapiens 

SEQUENCE: 5 

71 

tttgtttcta 

aattalagtgg 

cagcatttag 

Caccagagag 

gct tatt ctd 

cittct caggt 

ttaggittt cq 

ggcaaattitc 

ataagattaa 

ataaaaatag 

gcct tcct 

gaaaatgc ct 

attgtgagaa 

tittgacgata 

ttcaaactta 

ataataagca 

gtataataag 

toaalaccalaa. 

ttic ctgttta 

Met Ala Glu Gly Gly Ala Ser Lys 
1. 

Lell 

His 

Ile 

His 
65 

Glu 

Ile 

Arg 

Pro 

145 

Wall 

Pro 

Asn 
SO 

Glin 

Pro 

Arg 

Pro 

Tyr 
13 O 

Pro 

Ala 

5 

Glu Pro Ala Glu Glu Glu 

Llys Trp Phe Asn Val Arg 
35 4 O 

Arg Glu Gly Ser Pro Lieu. 
55 

Ser Lys Lieu Phe Met Glu 
70 

Val Glu Phe Thr Phe Lys 
85 

Val Thr Gly Pro Gly Gly 

Lys Gly Llys Thr Lieu. Glin 
115 12 O 

Asn. Cys Gly Gly Lieu. Asp 
135 

Glin Pro Llys Lys Cys His 
150 

Asn. Cys Pro His Lys Asn 
1.65 

aaacaaacaa. 

atgttcacag 

tggcagttaa 

ctagaagitat 

aagtaac cta 

tggttct cqt 

gtcatggaaa 

tgaaa.catct 

gcattataat 

catgact caa 

t catgggaga 

Caggttgggit 

tctgcgtggit 

ttgaatgtga 

tittaa attat 

agittaa.cagt 

Caggittaa.ca 

gttcc tt cac 

Caaaaagaaa 

Gly Gly Gly 
1O 

Ser Glin Wall 
25 

Met Gly Phe 

Asp Ile Pro 

Gly Phe Arg 
7s 

Llys Ser Ser 
90 

Ser Pro Cys 
105 

His His Ala 

Tyr Cys Glin 
155 

Wall Ala Glin 
17O 
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gcagdaaaga aatgaattaa 

ttgcc caata tatatgacct 

Caagagtgac aag cctgggg 

tittatacagt aactittgat c 

tatggtggat acaggatgaa 

tagagtgata aactggctag 

aaaaaaatat tittgggg.tca 

gcaagaaggt accagttaat 

tataatgitat gggcctgttg 

atgagacata ttctgctgaa 

cgtgtatagt totgctgtt 

tgc.cagt cct ttacaactica 

atacactgaa at atcggtgt 

tatagctgta gagaagtact 

gtaga caaat Caaagtggca 

aaaatgcaaa acatgataag 

gtaaaaatgc aaaacatgat 

cittatggaaa taggaaatta 

ttcagagcta aaatcatggit 

Glu 

Lell 

Gly 

Wall 
6 O 

Ser 

Lell 

Pro 

Lys 
14 O 

Ser 

Pro 

Glu 

Arg 

Phe 
45 

Asp 

Lell 

Gly 

Gly 

Lys 
125 

Glu 

Ile 

Pro 

Pro Gly Lys 
15 

Gly Thr Gly 
3O 

Ile Ser Met 

Wall Phe Wall 

Lys Glu Gly 
8O 

Lieu. Glu Ser 
95 

Ser Glu Arg 
11 O 

Gly Asp Arg 

Cys Ser Lieu. 

Met His Met 
160 

Ala Ser Ser 
17s 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

3 OOO 

3 O 6 O 

312 O 



Glin Gly Arg Glin Glu 
18O 

Arg Glu Val Gly Gly 
195 

Glu Ala Arg Ala Glu 
21 O 

Ala Ser Ser Thr Lys 
225 

Gly Pro Ser Val Glin 
245 

SEQ ID NO 6 
LENGTH: 29 
TYPE : RNA 

73 

Ala Glu 

Gly His 

Ile Ser 
215 

Ser Ser 
23 O 

Ser 

Gly 
2OO 

Glu 

Ile 

Glin 
185 

Cys 

Arg 

Ala 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: GLDC shRNA 

SEQUENCE: 6 

ulagclugulugu C cagacucga gccaaalualu. 

SEO ID NO 7 
LENGTH: 29 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: GLDC shRNA 

SEQUENCE: 7 

gglucaaluccg clugaagalugu Cuccacacul 

SEQ ID NO 8 
LENGTH: 29 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 8 

luggagaglululu aculcaiaculac Cagac caug 

SEO ID NO 9 
LENGTH: 29 
TYPE : RNA 

shRNA, GLDC 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: GLDC shRNA 

SEQUENCE: 9 

uucaculaaag C9gaalugagg alugcclugu.c 

SEQ ID NO 10 
LENGTH: 29 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 1.O 

aacgglucagg cagglucaccu. Caagaagcu. 

SEQ ID NO 11 
LENGTH: 29 
TYPE : RNA 

Pro 

Thir 

Ser 

Pro 

Thir 
250 

Cys 

Ser 

Gly 

Glu 
235 
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Thir 

Pro 

Arg 

Glu 

Ser 

Pro 

Ser 

Glin 

shRNA targeted to LIN28B 

Thir 
19 O 

Phe 

Pro 

Ser 

Luell 

Pro 

Glin 

Pro 

Glin 

Glu 

Lys 
24 O 

29 

29 

29 

29 

29 

74 



US 9,297,813 B2 
75 

- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to LIN28B 

<4 OOs, SEQUENCE: 11 

gccaculgulaa glugglulucaau glugcgcaug 

<210s, SEQ ID NO 12 
&211s LENGTH: 29 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to LIN28B 

<4 OOs, SEQUENCE: 12 

agaagugcca lulla clugu.cag agcaucaug 

<210s, SEQ ID NO 13 
&211s LENGTH: 29 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to LIN28B 

<4 OOs, SEQUENCE: 13 

ulacaucacca cc.guuuccuC aggaggcula 

<210s, SEQ ID NO 14 
&211s LENGTH: 58 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to ALCAM 

<4 OOs, SEQUENCE: 14 

agcagttcat tctaccaa.gc tigt cacagga gcagttcatt citaccaa.gct gtcacagg 

<210s, SEQ ID NO 15 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to ALCAM 

<4 OOs, SEQUENCE: 15 

aaggtgttca agcaac catc taalacctga 

<210s, SEQ ID NO 16 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to ALCAM 

<4 OOs, SEQUENCE: 16 

ttact atcct acagagcagg togacaatac 

<210s, SEQ ID NO 17 
&211s LENGTH: 29 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: shRNA targeted to ALCAM 

<4 OOs, SEQUENCE: 17 

gaag catgaa cqtggattgt atttalagac 

29 

29 

29 

58 

29 

29 

29 

76 
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SEQ ID NO 18 
LENGTH: 29 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: scrambled control shRNA: 

SEQUENCE: 18 

gcactaccag agctaactica gatag tact 

ccgggccttg agt caatacg ggtaacticga gtt accc.gta ttgacticaag gcttttittg 

SEQ ID NO 19 
LENGTH: 59 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: LIN28B SHCLNW: siRNA 

SEQUENCE: 19 

SEQ ID NO 2 O 
LENGTH: 57 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: control SHCLNW Scrambled siRNA 

SEQUENCE: 2O 

ccggcaacaa gatgaagagc accaactic ga gttggtgctic titcatcttgt tdtttitt 

SEQ ID NO 21 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer GLCD front 1 

SEQUENCE: 21 

ccagacacga cactt.cgc 

SEQ ID NO 22 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer GLDC rear 1 

SEQUENCE: 22 

caatt catca atgct cqcca g 

SEQ ID NO 23 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer GLDC front 2 

SEQUENCE: 23 

atttct cqtt gatcc.ccgtt g 

SEQ ID NO 24 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

29 

59 

19 

21 

21 

78 
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<223> OTHER INFORMATION: Primer GLDC rear 2 

<4 OOs, SEQUENCE: 24 

Cacagggitaa Ctt cagctica g 

<210s, SEQ ID NO 25 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer GLDC front 3 

<4 OOs, SEQUENCE: 25 

Cagggit caat ccgctgaaga tig 

<210s, SEQ ID NO 26 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer GLDC rear 3 

<4 OOs, SEQUENCE: 26 

tgctgccacc tict ctdgaat aag 

<210s, SEQ ID NO 27 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 OTHER INFORMATION: Primer GLDC front 4 

<4 OOs, SEQUENCE: 27 

alaccagggag caacacattc gg 

<210s, SEQ ID NO 28 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer GLDC rear 4 

<4 OOs, SEQUENCE: 28 

at attcgc.ca agagggcctg ag 

<210s, SEQ ID NO 29 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer PSPH front 1 

<4 OOs, SEQUENCE: 29 

gaggacgcgg tt Cagaaat 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer PSPH rear 1 

<4 OOs, SEQUENCE: 30 

ggttgctctg c tatgagt ct ct 

- Continued 

21 

22 

23 

22 

22 

22 

80 
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SEQ ID NO 31 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer PSPH front 2 

SEQUENCE: 31 

gCatalaggga gctggtaagt cq 

SEQ ID NO 32 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer PSPH rear 2 

SEQUENCE: 32 

acctgcatat t caccgittaa agt 

SEQ ID NO 33 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer PSPH front 3 

SEQUENCE: 33 

t catgattgg agatggtgcc acag 

SEQ ID NO. 34 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer PSPH rear 3 

SEQUENCE: 34 

Caatgaaagc at Cagcagga ggac 

SEO ID NO 35 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer PSPH front 4 

SEQUENCE: 35 

acggtgaata to aggttitt ga 

SEQ ID NO 36 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Primer PSPH rear 4 

SEQUENCE: 36 

gttatccttg acttgttgcc toga 

SEO ID NO 37 
LENGTH: 21 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Primer PSAT1 front 1 

- Continued 

22 

23 

24 

24 

22 

23 

82 



<4 OOs, SEQUENCE: 

tgcc.gc actic agtgttgtta g 

37 

<210s, SEQ ID NO 38 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

83 
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<223> OTHER INFORMATION: Primer PSAT1 rear 1 

<4 OOs, SEQUENCE: 

gcaatticccg cacaagattic t 

38 

<210s, SEQ ID NO 39 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer PSAT1 front 2 

<4 OOs, SEQUENCE: 39 

tctacgt.cat gggcttggitt Ctg 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer PSAT1 rear 2 

< 4 OO SEQUENCE: 4 O 

gctic cactgg acaaacgtag aatc 

<210s, SEQ ID NO 41 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer PSAT1 front 3 

<4 OOs, SEQUENCE: 41 

Cagtggatgt titcCaagttt ggtg 

<210s, SEQ ID NO 42 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer PSAT1 rear 3 

<4 OOs, SEQUENCE: 

cctgcaccitt g tatt coagg ac 

42 

<210s, SEQ ID NO 43 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer PSAT1 front 4 

<4 OOs, SEQUENCE: 

agcaggaagg ttgctgact a 

43 

<210s, SEQ ID NO 44 
&211s LENGTH: 19 

21 

21 

23 

24 

24 

22 

21 
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cggcct tagc tigaccalagc 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

85 
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OTHER INFORMATION: Primer PSAT1 rear 4 

SEQUENCE: 

SEQ ID NO 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

44 

45 

OTHER INFORMATION: Primer SHMT1 front 1 

SEQUENCE: 45 

aaatct ctogc cacgt.c catc titc 

SEQ ID NO 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

46 

OTHER INFORMATION: Primer SHMT1 rear 1 

SEQUENCE: 46 

agc.cagtatic tiggttcacc ttg 

cgaagctgat catcgcagga ac 

SEQ ID NO 
LENGTH: 22 
TYPE DNA 
ORGANISM: Artificial Sequence 
FEATURE: 

47 

OTHER INFORMATION: Primer SHMT1 front 2 

SEQUENCE: 

SEQ ID NO 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

47 

48 

OTHER INFORMATION: Primer SHMT1 rear 2 

SEQUENCE: 48 

t ct catctgc aatct tcc.gt agcc 

ctggcacaac ccctcaaaga 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

49 

OTHER INFORMATION: Primer SHMT1 front 3 

SEQUENCE: 

SEQ ID NO 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

49 

SO 

OTHER INFORMATION: Primer SHMT1 rear 3 

SEQUENCE: SO 

19 

23 

23 

22 

24 
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citctg.ccggit tact ct cott c 

<210s, SEQ ID NO 51 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT1 front 4 

<4 OOs, SEQUENCE: 51 

Cagc.cgagca gttittggag 

<210s, SEQ ID NO 52 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT1 rear 4 

<4 OOs, SEQUENCE: 52 

gtc.ccgc.cat agtat citctg g 

<210s, SEQ ID NO 53 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT2 front 1 

<4 OOs, SEQUENCE: 53 

Cttctgcaac ct cacgacc 

<210s, SEQ ID NO 54 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT2 rear 1 

<4 OOs, SEQUENCE: 54 

tgagcttata gggcatagac tog 

<210s, SEQ ID NO 55 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT2 front 2 

<4 OO > SEQUENCE: 55 

Cttagaggtg aagagcaaga Ctgc 

<210s, SEQ ID NO 56 
&211s LENGTH: 24 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223s OTHER INFORMATION: Primer SHMT2 rear 2 

<4 OOs, SEQUENCE: 56 

agacgctgac ttgtttctgagt cc 

<210s, SEQ ID NO 57 
&211s LENGTH: 22 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

- Continued 

21 

19 

21 

19 

23 

24 

24 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: primer SHMT2 front 3 

<4 OO > SEQUENCE: 57 

actacaacca gctggcactg ac 

<210s, SEQ ID NO 58 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT2 rear 3 

<4 OOs, SEQUENCE: 58 

tgctittgact t catcacaca cctic 

<210s, SEQ ID NO 59 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer SHMT2 front 4 

<4 OO > SEQUENCE: 59 

gact acgc.cc gcatgaga.g 

<210s, SEQ ID NO 60 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
223s OTHER INFORMATION: Primer SHMT2 rear 4 

<4 OOs, SEQUENCE: 60 

agcaggtgtg Ctttgactitc a 

<210s, SEQ ID NO 61 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer GCAT front 1 

<4 OOs, SEQUENCE: 61 

ggcc gaccta gaa.gc.caag 

<210s, SEQ ID NO 62 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer GCAT rear 1 

<4 OOs, SEQUENCE: 62 

gtgcgatgtc. gcc atcCat 

<210s, SEQ ID NO 63 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer GCAT front 2 

<4 OOs, SEQUENCE: 63 

cgctitt at ct gtggalaccca gagc 

- Continued 

22 

24 

19 

21 

19 

19 
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<210s, SEQ ID NO 
&211s LENGTH: 22 
&212s. TYPE: DNA 

64 

91 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer GCAT rear 2 

<4 OOs, SEQUENCE: 

alacagctggg atagaggatg gC 

<210s, SEQ ID NO 
&211s LENGTH: 22 
&212s. TYPE: DNA 

64 

65 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer GCAT front 3 

<4 OOs, SEQUENCE: 65 

aaggcc ctag atctgctgat gg 

<210s, SEQ ID NO 
&211s LENGTH: 24 
&212s. TYPE: DNA 

66 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer GCAT rear 3 

<4 OOs, SEQUENCE: 66 

gct tccatct tactacggaa cctic 

<210s, SEQ ID NO 
&211s LENGTH: 21 
&212s. TYPE: DNA 

67 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer GCAT front 4 

<4 OOs, SEQUENCE: 

cct cagct ct gtc.cg 

<210s, SEQ ID NO 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

67 

citt ta t 

68 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer GCAT rear 4 

<4 OOs, SEQUENCE: 

ggatgc.cgt.c gatga 

<210s, SEQ ID NO 
&211s LENGTH: 91 
212. TYPE: PRT 

&213s ORGANISM: 

<4 OOs, SEQUENCE: 

Met Asp Tyr Thr 
1. 

Arg Val Gly Ala 
2O 

Glu Ile Lieu. Ser 
35 

Llys Val Lieu. Glu 
SO 

68 

tggag 

69 
2 

Thermus 

69 

Pro His 
5 

Ala Ser 

Pro Pro 

Glu Lieu. 

thermophilus 

Thir 

Lell 

Ile 

Arg 
55 

Glu Glu Glu Ile 
1O 

Glu Asp Lieu. Phe 
25 

Asp Lieu Pro Glu 
4 O 

Arg Lieu Ala Ala 

US 9,297,813 B2 
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Arg 

Ala 

Pro 

Glin 
6 O 

Glu 

His 

Lell 
45 

Asn 

Met 

Luell 

Pro 

Luell 

Lieu. Arg 
15 

Pro Llys 

Glu Trp 

Pro Ala 

22 

22 

24 

21 

92 



His 
65 

Wall 

Pro 

Ser 

Lell 
145 

Pro 

Wall 

Gly 

Gly 
225 

Ser 

Ala 

Glu 

Ala 
3. OS 

Thir 

Lell 

Ala 

Phe 

Asp 
385 

Ala 

Ala 

Lell 

Arg 

Glu 
465 

Wall 

Glin 

Met 
13 O 

Arg 

Glu 

Luell 

Gly 

Ala 
21 O 

Ala 

Pro 

Luell 

Thir 

Thir 
29 O 

Arg 

Asn 

Gly 

His 

Thir 
37 O 

Pro 

Thir 

Thir 

Lys 
450 

Asp 

Ala 

Glin 

Glin 

Thir 
115 

Glu 

Luell 

Glu 
195 

Luell 

Luell 

Pro 

Gly 

Lys 
27s 

Wall 

Glu 

Ala 

Pro 

Lys 
355 

Pro 

Glu 

Pro 

Glu 

Glu 
435 

Gly 

Luell 

Phe 

Ala 

Pro 

Met 

Asp 

Thir 

Arg 

Thir 
18O 

Glu 

Glu 

Phe 

Gly 

Luell 
26 O 

Asp 

Glin 

Glin 

Glu 
34 O 

Luell 

Ala 

Wall 

Luell 

Wall 

Arg 

Ile 

Lell 

Lell 
85 

Glu 

Ile 

Gly 

Gly 

Ala 
1.65 

Lell 

Wall 

Asp 

Wall 

Ala 
245 

Pro 

Ala 

Wall 

Tyr 

Lell 
3.25 

Gly 

His 

Pro 

Wall 

Pro 

4 OS 

His 

Lell 

Arg 

Pro 

Gly 
70 

Ala 

Wall 

Ala 

Ala 

Arg 
150 

Wall 

Pro 

Gly 

Lell 

Ala 
23 O 

Met 

Phe 

Glu 

Ile 
310 

Thir 

Lell 

Ala 

Phe 

Arg 
390 

Arg 

Glu 

Ala 

Gly 

Lys 
470 

93 

Gly 

Ala 

Ser 

Glu 

Thir 
135 

Met 

Lell 

Lell 

Ala 

Gly 
215 

Wall 

Gly 

Gly 

Wall 

Gly 
295 

Arg 

Ala 

Arg 

Lell 

Phe 
375 

Arg 

Glu 

Glu 

Met 

Lell 

45.5 

Glu 

Gly 

Arg 

Glin 

Luell 
12 O 

Ala 

Gly 

Arg 

Glu 

Wall 

Pro 

Ala 

Ala 

Phe 

Arg 

Arg 

Arg 

Luell 

Glu 

Luell 
360 

Asn 

Ala 

Glu 

Ser 

44 O 

His 

Wall 

Gly 

Gly 
105 

Ala 

Luell 

Wall 

Ala 

Gly 
185 

Wall 

Phe 

Asp 

Asp 

Gly 
265 

Glin 

Arg 

Ala 

Met 

Wall 
345 

Luell 

Glu 

Luell 

Gly 

Asp 
425 

Phe 

Luell 

Luell 

Arg 

Glu 
90 

Wall 

Gly 

Ala 

Luell 

Tyr 
17O 

Gly 

Wall 

Ala 

Pro 

Ile 
250 

Gly 

Luell 

Gly 

Gly 
330 

Ala 

Glu 

Phe 

Ala 

Glu 

Luell 

Pro 

Wall 

Arg 

Ser 

Phe 

Luell 

Luell 

Glu 

Wall 
155 

Luell 

Arg 

Glin 

Glu 

Luell 
235 

Ala 

Pro 

Pro 

Phe 

Ala 
315 

Ala 

Luell 

Wall 

Ala 

Glu 
395 

ASn 

Luell 

Luell 

Glu 
47s 
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His 

Lell 

Glin 

Glu 

Gly 
14 O 

Ser 

Glu 

Thir 

Asn 

Ala 

Ser 

Wall 

His 

Gly 

Ile 
3 OO 

Met 

Pro 

Lell 
38O 

Arg 

Lell 

Ala 

Ile 

Ala 
460 

Wall 

His 

Thir 

Ala 

Ile 
125 

Wall 

Glin 

Ala 

Pro 

Pro 

Ala 

Lell 

Gly 

Phe 

Arg 
285 

Lell 

Ser 

Ser 

Gly 
365 

Ala 

Gly 

Ala 

Lell 

Phe 
445 

Wall 

Pro 

Wall 

Ala 

Thir 
11 O 

Ala 

Luell 

Gly 

Wall 

Luell 
19 O 

Asn 

His 

Gly 

Asp 

Gly 
27 O 

Luell 

Thir 

Asn 

Luell 

Wall 
35. O 

Wall 

Luell 

Phe 

Luell 

Arg 
43 O 

Glu 

Pro 

Pro 

Pro 

Tyr 
95 

Phe 

Asn 

Luell 

Wall 

Gly 
17s 

Pro 

Phe 

Gly 

Wall 

Gly 
255 

Phe 

Wall 

Luell 

Ile 

Ala 
335 

Glu 

Arg 

Pro 

His 

Phe 
415 

Glu 

Arg 

Arg 

Pro 

Thir 

Glu 

Ala 

Ala 

His 
160 

Ala 

Glu 

Luell 

Ala 

Luell 
24 O 

Glin 

Luell 

Ser 

Glin 

Thir 

Ala 

Met 

Pro 

Gly 
4 OO 

Ala 

Ala 

Ser 

Ala 

Luell 

48O 

94 



Pro 

Arg 

Thir 

Ala 

Arg 
5.45 

Asp 

Gly 

Thir 

Ala 

Pro 
625 

His 

Glu 

Gln 

Arg 

Thir 
7 Os 

Gly 

Arg 

Gly 

Trp 

Ala 

Ala 

Lell 

Lell 
865 

Glu 

Glu 

Glu 

Arg 

Met 

Asp 
53 O 

Luell 

Ala 

Ile 

Arg 

Thir 
610 

Glu 

Wall 

Arg 

Lieu 

Pro 
69 O. 

Phe 

Wall 

Gly 

Arg 

Ala 
770 

Luell 

Gly 

Glin 

Glu 

Glu 
850 

Glu 

Trp 

Luell 

Wall 

Glin 

Lys 
515 

Luell 

Met 

Ile 

Luell 

Arg 
595 

Ala 

Gly 

Ala 

Arg 

Tyr 
675 

Gly 

Thir 

Glu 

Wall 
7ss 

Ala 

Pro 

Luell 
835 

Ala 

Ala 

Luell 

Arg 

Asp 

Wall 
SOO 

His 

Trp 

Thir 

Ile 

Wall 

Ser 

Glu 

Ala 

Ile 
660 

Asp 

Wall 

Ala 

Glu 
740 

Arg 

Ile 

Wall 

Arg 

Pro 

Gly 

Luell 

Phe 

Glu 

Ala 

Glu 
485 

Gly 

Asn 

Pro 

Glu 

Lell 
565 

Ile 

Wall 

Met 

Wall 

Lell 
645 

Lell 

Asp 

Met 

Pro 

His 
72 

Gly 

Ser 

Arg 

Lell 

Wall 
805 

Glu 

Phe 

Met 

Ala 

Asn 
885 

Asn 

Lell 

Wall 

Pro 

Lell 
550 

Glu 

Arg 

Lell 

Ala 

Asp 
630 

Met 

Glu 

Gly 

Gly 

His 

Lell 

Phe 

Phe 

Thir 

Asn 
79 O 

Pro 

Gly 

His 

Wall 

Glu 
87O 

Ala 

95 

Thir 

Asp 

Glin 
535 

Gly 

Pro 

Ala 

Wall 

Gly 
615 

Lell 

Lell 

Ile 

Ala 

Phe 
695 

Gly 

Ala 

Lell 
775 

Ala 

Phe 

Pro 

Glu 
855 

Ala 

Pro 

His 

Luell 

Thir 

Luell 

Asp 

Glu 

Ala 

Pro 

Tyr 

Glu 

Thir 

Ser 

Asn 

Asp 

Gly 

Pro 

Luell 

Gly 
760 

Gly 

Arg 

Asp 

Arg 

Pro 
84 O 

Pro 

Met 

Pro 

Wall 

Thir 
505 

His 

Pro 

Tyr 

Ala 

His 
585 

Asp 

Glin 

Ala 

Asn 

Arg 
665 

Lieu 

Wall 

Gly 

Asp 
74. 

Asn 

Luell 

Gly 

Ala 
825 

Thir 

Thir 

Gly 

Ser 

Arg 
490 

Phe 

Glu 

Arg 

Luell 

Gly 
st O 

Glu 

Ser 

Wall 

Luell 

Pro 
650 

Luell 

Asn 

Wall 

Gly 

Luell 
73 O 

Phe 

Phe 

Glu 

Luell 

Pro 
810 

Luell 

Wall 

Glu 

Ala 

Thir 
890 

Luell 

His 

Glu 

Thir 

Lys 
555 

Ala 

Asp 

Ala 

Arg 

Lys 
635 

ASn 

Cys 

Ala 

His 

Pro 

Pro 

Asp 

Luell 

Gly 

Lys 
79. 

Ser 

Asp 

Thir 

Luell 
87s 

Pro 

Thir 
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Tyr 

Pro 

Ala 

Ala 
54 O 

Ala 

His 

Arg 

His 

Glu 

Arg 

Thir 

Ile 

Lell 
7 OO 

Gly 

Wall 

Arg 

Ala 

Lell 

Glu 

Met 

Lell 

Phe 

Glu 
860 

Lell 

Wall 

Thir 

Lell 

Ala 
525 

Glin 

Lell 

Gly 

Gly 

Gly 
605 

Ile 

Glu 

Lell 

Glu 

Met 
685 

Asn 

Ser 

Lel 

765 

Lel 

His 

Ala 

Pro 
845 

Ala 

Arg 

Phe 

Gly 

Gly 

Arg 

Gly 

Thir 

Glu 

Glu 
59 O 

Ser 

Pro 

Luell 

Gly 

Ala 
67 O 

Gly 

Luell 

Gly 

Luell 

Lys 
7 O 

Wall 

Luell 

Glu 

Lys 
83 O 

Luell 

Arg 

Asp 

Luell 
495 

Ser 

Luell 

Ala 

Gly 

Luell 
sts 

Gly 

Asn 

Ser 

Gly 

Luell 
655 

Gly 

Trp 

His 

Pro 

Wall 
73 

Ser 

Arg 

Ala 

Phe 
815 

Gly 

Ile 

Glu 

Pro 

Luell 
895 

Glu 

Ser 

Phe 

Luell 

Met 
560 

Thir 

Arg 

Pro 

Gly 

Pro 
64 O 

Phe 

Wall 

Ala 

Wall 

Glu 

Ile 

Ala 

Ala 

Glu 

Wall 

Luell 

Wall 

Thir 

Lys 

Asp 

Gly 

96 
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9 OO 905 91 O 

<210s, SEQ ID NO 70 
&211s LENGTH: 57 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 7 O 

cggcctgc.ca acatc.cgttt gaalacticgag tittcaaacgg atgttggcag gtttittg 

<210s, SEQ ID NO 71 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 71 

tagctgttgt ccagacticga gccaaatat 

<210s, SEQ ID NO 72 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 72 

ggtcaatcCg Ctgaagatgt CitcCaCact 

<210s, SEQ ID NO 73 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 73 

tggagagttt act caactac Cagac catg 

<210s, SEQ ID NO 74 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OOs, SEQUENCE: 74 

ttcact aaag C9gaatgagg atgcctgtc. 

<210s, SEQ ID NO 75 
&211s LENGTH: 29 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 75 

aacggit Cagg Cagg to acct Caagaagct 

<210s, SEQ ID NO 76 
&211s LENGTH: 29 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

f 

29 

29 

29 

29 

29 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 76 

gccactgtaa gtggttcaat gtgcgcatg 

<210s, SEQ ID NO 77 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 77 

agaagtgc.ca ttactgtcag agcatcatg 

<210s, SEQ ID NO 78 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polynucleotide 

<4 OO > SEQUENCE: 78 

tacat cacca ccgttt cotc aggaggcta 

The invention claimed is: 
1. A method for inhibiting cell proliferation of human lung 

cancer cells or human colon cancer cells in Vivo, comprising 
contacting the human lung cancer cells or the human colon 
cancer cells in vivo with an inhibitor of glycine dehydroge 
nase (GLDC) expression or activity, wherein the GLDC has a 
nucleic acid sequence set forth in SEQID NO: 1 or an amino 
acid sequence set forth in SEQID NO: 2, wherein the inhibi 
tor is in an amount effective for inhibiting cell proliferation of 
the human lung cancer cells or the human colon cancer cells, 
and wherein the GLDC inhibitor comprises a small interfer 
ing RNA that comprises a nucleotide sequence selected from 
the group consisting of SEQID NO:3, SEQID NO: 6, SEQ 
ID NO: 7, SEQID NO: 8 and SEQID NO:9. 

35 

40 

29 

29 

29 

2. The method of claim 1 further comprising contacting the 
human lung cancer cells with methotrexate. 

3. A method for inhibiting cell proliferation of human lung 
cancer cells in vivo, comprising contacting the human lung 
cancer cells in vivo with (a) an inhibitor of glycine dehydro 
genase (GLDC) expression or activity and (b) methotrexate, 

wherein the GLDC has a nucleic acid sequence set forth in 
SEQ ID NO: 1 or an amino acid sequence set forth in 
SEQID NO: 2, and 

wherein the inhibitor and methotrexate are in an amount 
effective for inhibiting cell proliferation of the human 
cancer cells. 


